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FOREWORD 



During 2004, oil prices reached levels unprecedented in recent years. Though 
world oil markets remain adequately supplied, high oil prices do reflect 
increasingly uncertain conditions. Many IEA member countries and non- 
member countries alike are concerned about oil costs and oil security and are 
looking for ways to improve their capability to handle market volatility and 
possible supply disruptions in the future. This book aims to provide assistance. 

A core mission of the International Energy Agency (IEA) is energy supply 
security. The Agreement on an International Energy Program (IEP), the treaty 
signed by all IEA member countries, obliges them to maintain emergency oil 
reserves and be prepared to draw on these under certain circumstances, such 
as a sudden, substantial reduction in oil supplies to world markets. This 
agreement also requires development of voluntary and mandatory measures 
for rapidly reducing oil consumption ("demand restraint") under such 
circumstances. As the transport sector in most OECD countries is the prime 
consumer of oil, this sector should be a central focus of IEA member countries' 
emergency oil demand restraint programmes. 

This book provides a new, quantitative assessment of the potential oil savings 
and costs of rapid oil demand restraint measures for transport. These 
measures may be useful both for large-scale supply disruptions - such as could 
lead to collective actions by IEA members - and for smaller or more localised 
supply disruptions in individual countries. Some measures make sense under 
any circumstances; others are primarily useful in emergency situations. A 
principal goal is to provide policy alternatives to measures like fuel rationing - 
never a good idea if it can be avoided. 

Our estimates for each IEA region and for the IEA in total show that several 
types of demand restraint measures could provide large reductions in oil use 
quickly and cheaply, while helping preserve mobility options. But for these 
measures to succeed, countries must be well prepared and act aggressively 
during an emergency. The book also provides clear methodologies that 
individual countries can use to make their own estimates. IEA and non-lEA 
countries alike are encouraged to engage in such analysis and consider which 
policies would be best adapted to their national circumstances. 



3 



Perhaps most importantly, this book is intended to raise awareness that 
demand response is an important aspect in dealing with supply disruptions. 
Oil demand in transport is indeed very "inelastic" in the short run, but the set 
of measures outlined here gives countries a tool box they can draw on to help 
lower the duration and costs of petroleum supply disruptions. 

Claude Mandil 
Executive Director 
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Executive Summary 



EXECUTIVE SUMMARY 

In October 1973, an embargo by several Middle Eastern countries caused oil 
supply shortages for several months in most IEA countries and many other 
countries around the world. Since then, disruptions affecting world oil supply 
and prices have occurred fairly regularly, averaging two to three significant 
episodes per decade. In each instance, supplies of retail fuel have gone into 
shortage in one or more countries and oil prices have risen rapidly and 
substantially. 

To offset a large oil supply disruption, the IEA and its member countries have 
an important tool: emergency stocks and associated stock draw. In addition to 
this powerful measure, oil demand restraint measures in transport can be 
useful. The transport sector accounts for over half of oil use in IEA countries 
and is expected to account for nearly all future growth in oil use. This book 
explores measures to rapidly reduce oil demand in the passenger transport 
sector, over short periods of time. 

Application of transportation "demand restraint" policies have increasingly 
been used by cities around the world to quickly reduce air pollution levels 
during periods of unacceptably bad air quality; a similar approach may also 
be useful in the event of oil supply disruptions or during periods of high oil 
prices. Some measures may also be attractive to cut oil demand over longer 
periods of time - for example during extended periods of high oil prices, to 
relieve demand pressure on the market or to rapidly cut the use of an 
expensive fuel. This is particularly true for measures that can reduce fuel use 
at low cost, while preserving mobility options. This book emphasises that there 
are important differences between measures that simply restrict travel, such as 
driving bans, and those that assist motorists to rapidly cut fuel use, such as 
promoting "ecodriving" and facilitating car-pooling. 

Background and approach 



There have been many previous studies of options to reduce oil use in 
transport. Usually such studies evaluate a range of policy options used under 
normal circumstances to manage transport fuel demand (or demand for 
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transport itself) in order to reduce long-term growth and/or environmental 
impacts. While such analysis is very important, and the IEA urges all countries 
to pursue strategies for reducing oil use over the medium and long term, the 
analysis presented here differs in an important respect. It focuses on a much 
shorter time frame: the circumstances of a temporary oil supply disruption 
that may result in physical shortages of oil or a sudden severe price spike. As 
we show, this difference in time frame and circumstance can result in a quite 
different type of analysis, with different results, than in many previous longer- 
term studies. 

Why should governments intervene? 

Why should governments intervene to cut oil demand during a supply 
disruption? One obvious reason is to conserve fuel that might be in short 
supply. A rapid demand response can also send a strong market signal. In the 
case of a moderate reduction in oil supplies, a reduction in IEA transport fuel 
demand of even a few percent could have a substantial dampening effect on 
surging world oil prices. Achieving even this much reduction in transport 
energy use would be challenging but, if successful, the value to IEA and other 
oil-importing countries in terms of maintaining adequate supplies and 
moderating oil price spikes could be far greater than the costs associated with 
the measures themselves. 

Of course, a supply disruption that induces a rise in oil prices will generate its 
own response from drivers and other travellers. However, short-term transport 
demand response to changes in fuel price is notoriously slow and small (i.e. 
there is a low "price elasticity" of demand). If governments can provide better 
travel alternatives and other incentives to rapidly cut the most energy- 
intensive types of travel (such as driving alone) during supply disruptions, the 
response rate might be much higher and the disruption-related costs to society 
much lower. 

Some measures that may not be attractive as general transport demand 
policies may be more effective in the context of an oil supply disruption. A 
number of new measures emerge that have not previously received much 
attention. Some otherwise costly measures appear to become less expensive if 
implemented over a short period of time, provided governments have taken the 
necessary preparatory steps to be ready to act on short notice. Several 
measures are likely to be more socially and politically acceptable, and therefore 
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easier to implement, during an emergency than under normal circumstances. 
On the other hand, some of the measures discussed in this volume would make 
perfect sense as part of a more general transport oil demand management 
strategy. There is certainly some overlap between the two contexts. 

Assessing impacts of measures under emergency conditions 

There are several ways in which behaviour under conditions of oil supply 
shortage may differ from behaviour under normal circumstances. For example, 
the immediate public reaction to a drop in fuel supplies may be panic and 
hoarding behaviour. In such cases, demand may increase even with a sharp 
increase in prices. During such a situation, it may be important to manage oil 
supplies very tightly - for example through an oil allocation scheme. However, 
as rationing is rarely an economically efficient solution, once the situation is 
under control, governments should generally try to move quickly to 
approaches that are likely to be less costly to society. A major cost associated 
with a fuel shortage that is not solved by rationing is lost mobility - and the 
lost economic activity that results. If societal mobility can be maintained {e.g. 
through increased car-pooling), and/or if good alternatives to mobility can be 
provided (such as telecommuting) so that economic activities can continue, 
this will yield a much better societal outcome than through rationing-oriented 
solutions. 

An important finding of this book is that pre-planning is essential in order for 
transport demand restraint measures to succeed during an emergency. It is not 
enough for countries to have a list of measures to use; they must be ready to 
implement those measures on very short notice. To do this, they generally 
must develop detailed plans and make certain investments ahead of time. 
Communicating this plan to the public also appears very important; if the 
public is not well informed of plans ahead of time, and supportive of them, 
they may be less likely to co-operate and do their part to help the plans 
succeed during an emergency. Strong support and co-operation from the 
business community is also essential. In general, providing clear information 
to the public - that the public can trust - seems to be an important element 
of any plan. The role of information is stressed throughout the analysis of 
measures in this book. 

Once measures are put in place that provide fuel-efficient mobility options or 
alternatives to travel, the public responsiveness to these measures may 
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actually be better during an emergency than under normal circumstances, 
since there will likely be a strong interest in such alternatives. There may also 
be an altruistic attitude amongst people to "do their part" during the 
emergency. If this occurs, then estimates of policy response and impacts 
based on behaviour during normal circumstances, as made throughout this 
analysis, may underestimate the impacts of measures during emergencies. 
But the relative impacts and costs of different measures should at least be 
similar. 

Scope and approach of the study 

The analysis presented in this report covers measures affecting road transport 
(including public transit). It focuses primarily on urban passenger travel, 
though in a couple of the assessed measures, such as speed limit reductions 
on motorways, trucks are also affected. There may also be important 
opportunities to save oil quickly in other transport sectors and modes, such as 
air travel, shipping, etc., and these should be investigated as well. But this 
study focuses primarily on road passenger transport because it appears to 
have some particularly promising opportunities to save oil quickly, and 
because relatively good information is available upon which to build an 
analysis. 

Most measures considered here are focused on urban or metropolitan areas 
and therefore not typically applied at a national level (such as increasing 
public transit service). However, national governments are best positioned to 
launch a comprehensive programme for dealing with emergency situations, 
which could include creating incentives and working with cities and regional 
governments to establish similar programmes around the country. 

The basic approach has been to evaluate the impact of a variety of measures 
if applied individually during an emergency, given the necessary planning and 
preparation before an emergency occurs. In most cases the measures have the 
effect of reducing private vehicle travel, either by reducing travel demand or 
encouraging shifts to public transit or other modes. The following general 
approaches were evaluated: 

■ Increases in public transit usage 

■ Increases in car-pooling 

■ Telecommuting (working at home) 
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■ Changes in work schedules 

■ Driving bans and restrictions 

■ Speed limit reductions 

■ Information on "ecodriving" (e.g. driving style, tyre inflation) 

Although most of these measures can also be used for more general 
transportation demand management, here they are assessed only in the 
context of temporary use during an emergency. Within each of these 
approaches several more specific measures were identified and evaluated. A 
representative measure was then selected with a "consensus" estimate of the 
likely effect. For example, for car-pooling, measures are assessed ranging from 
a simple policy of a public campaign calling on people to car-pool more, to 
actual improvements in car-pooling infrastructure (before an emergency occurs) 
and requirements that during the emergency cars carry more than one person 
on certain roads or for certain types of trips. Clearly, such a range of policy 
approaches can lead to a wide range of possible outcomes. We have provided 
estimates for many of these. In addition, for each policy type we have provided 
a consensus estimate based upon our judgment of most likely impacts. 

Though driving bans are covered here, there are other types of rationing 
schemes that this analysis does not address, such as fuel allocation coupon 
systems. These types of measures may be needed, but should be seen as 
something of a last resort. Measures to reduce oil demand voluntarily appear 
likely to incur lower costs on society than simply restricting the supply of motor 
fuel. However, measures to reduce fuel "hoarding" and similar behaviours may 
provide an important complement to measures described here. 

Policies aimed at changing the price of road transport, either through 
increased fuel taxes or road charging (toll fees), are discussed but not 
explicitly scored in terms of impacts. These types of policies, while capable of 
yielding reductions in fuel consumption, could be difficult to implement 
during a short-term emergency when fuel costs already may be rising rapidly. 
Oil price increases will likely have some (though perhaps small) dampening 
effect on transportation fuel demand, and help to spur the types of travel 
changes that this report focuses on, such as increased use of public transit, 
car-pooling and telecommuting. Therefore, perhaps the main price-related 
issue for policy-makers during a fuel supply disruption is to avoid bowing to 
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pressure to lower existing fuel tax or road charging regimes, so that pricing 
signals are not distorted. In any case, the measures we focus on involve 
providing travellers with better information and alternatives to driving 
(especially to driving alone), so that their ability to respond to and cope with 
an oil emergency improves. Increased demand responsiveness reduces the 
negative economic impacts of a supply disruption. 

In Chapter 2, estimates of the effects of different measures on oil demand are 
made for four IEA regions (Japan/Republic of Korea, IEA Europe, 
USA/Canada and Australia/New Zealand) and then summed over the whole 
IEA. Wherever possible, sources and data are used for specific countries within 
each region and aggregated to regional totals, with specific assumptions 
outlined for each measure. However, though this analysis is based upon 
existing estimates within the literature, there is a severe shortage of data 
covering the application of measures during emergency situations. Nor is 
there much quantitative evidence of how behaviour (such as responsiveness to 
policies) changes during an emergency. The transport literature generally 
analyses the longer-term effects associated with various policies under normal 
fuel supply conditions. Therefore, judgment has been used to estimate 
behaviour and responses to policies in such situations. 

In some cases where data were not available, estimates from similar countries 
or regions have been used. The year 2001 was used as a "base year" for most 
calculations, since this was the most recent year for which enough data could 
be obtained to carry out detailed calculations. Though the amounts of driving 
and fuel consumption have changed since then, the relative impacts of 
different measures and the estimated percentage reductions should remain 
similar, for many years, to the results shown here. Much of the data used in 
the analysis is provided in tables throughout the report and in the appendix, 
in an effort to provide countries with much of the data they will need to 
conduct their own analyses. 

Summary of results 



A summary of our results, summed and averaged across all IEA countries, is 
shown in Table E-l. This table provides a brief overview of the types of strategies 
and the policy context needed to achieve these reductions. These estimates carry 
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Table E-1 

Summary of oil-saving effects of measures summed across all IEA countries 



Potential oil savings 
by category if implemented 
in all IEA countries 



Measure 



Car-pooling: large programme to designate emergency car-pool 
lanes along all motorways, designate park-and-ride lots, inform 
public and match riders 



VERY LARGE 

More than one million barrels 
per day 



LARGE 

More than 
500 thousand barrels 
per day 



Driving ban: odd/even licence plate scheme. Provide police 
enforcement, appropriate information and signage 

Speed limits: reduce highway speed limits to 90 kph. Provide 
police enforcement or speed cameras, appropriate information and 
signage 

Transit: free public transit (set fares to zero) 

Telecommuting: large programme, including active participation 
of businesses, public information on benefits of telecommuting, 
minor investments in needed infrastructure to facilitate 

Compressed work week (fewer but longer workdays): programme 
with employer participation and public information campaign 

Driving ban: 1 in 10 days based on licence plate, with police 
enforcement and signage 

"Ecodriving" (efficient driving styles and vehicle maintenance 
steps): intensive public information programme 

Transit fare reduction: 50% reduction in current public transit fares 
Transit service increase: increase weekend and off-peak transit 
service and increase peak service frequency by 10% 
Car-pooling: small programme to inform public, match riders 
SMALL ^us priority: convert all existing car-pool and bus lanes to 24- 

Less than 100 thousand barrels nour ' DUS P r ' or 'ty usage and convert some other lanes to bus-only 
per day ,anes 



MODERATE 

More than 100 thousand barrels 
per day 



a range of uncertainty in terms of the absolute value of the reductions which may 
be achieved. However, the orders of magnitude and relative effects between 
policies appear reasonable. The policy strategies shown are to a large degree 
mutually exclusive. Potential combinations of these measures have not been 
assessed. Clearly, a combined package of policies could increase the impacts 
compared to just one, but probably would not have an effect equal to the sum of 
these policies - since, for example, one person cannot both car-pool and 
telecommute on the same day. A proper analysis of mutual exclusivities and 
synergistic effects would require developing a detailed travel demand model and 
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is beyond the scope of the methods used here to estimate these savings. However, 
more detailed approaches might be appropriate for individual countries - and are 
commonly available for large cities. 

As shown in Table E-l, there is a large range of estimated effectiveness based 
upon both the specific strategy selected and the policy context in which it is 
pursued. In general, there are two types of policy approaches. One is focused 
on providing people with better (and less energy-intensive) travel options to 
allow them to save fuel, as well as allowing them to avoid the consequences 
of not being able to purchase fuel. These options tend to focus on providing 
people with more choices, such as better or cheaper public transit, car-pooling 
options, telecommuting, flexible work schedules, or promotion of "ecodriving" 
(efficient driving styles and vehicle maintenance steps). The other policy 
approach is more prohibitive in nature, essentially restricting travel options or 
requiring shifts in behaviour. These include driving bans, mandatory car- 
pooling, speed limit reductions or changes in work schedules. Not surprisingly, 
the more restrictive options tend to result in greater estimated reductions in 
fuel consumption, but may also be more expensive to society and unpopular 
and therefore less politically feasible. 

Our main conclusions on those policies which can be most effective are as 
follows: 

■ Restrictions on driving, such as odd/even-day driving bans, can 
potentially provide very large savings. However, they may be unpopular 
and restrict mobility much more than some other measures. Multiple- 
vehicle households tend to be less affected by this type of policy and 
therefore this option may be seen as less equitable than some others. If 
conducted over longer periods, the effectiveness of such policies may 
decline as travellers figure out ways around the regulations. 

■ Measures to increase car-pooling, if successful, can provide rapid, large 
reductions in oil demand. But success may be very dependent on the level 
of incentives given to drivers, which could make this option quite costly. 
Restrictive options that require car-pooling (such as restricting certain 
traffic lanes to car-pools) are likely to be most effective but may be seen 
as inequitable, unless fairly limited in application. Programmes focused 
only on provision of information (such as setting up a web site to help 
potential car-poolers find other car-poolers) will likely be more popular, if 
less effective. 
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■ Reducing speed limits on motorways can be very effective for saving fuel, 
since cars and trucks use much more fuel per kilometre as speeds increase 
above 90 kilometres per hour (about 55 mph). However, success depends 
on an adequate enforcement regime. In some cases better enforcement of 
existing speed limits may be sufficient to lower average speeds 
significantly. Clear information to the public regarding the strong links 
between lower speeds and fuel savings may help increase compliance 
during an emergency. An infrastructure allowing a rapid change to posted 
speed limits (such as variable speed limit signs) must be put in place 
ahead of time. 

These types of policies, requiring some coercion or restriction on behaviour, 
may be more acceptable to the public during emergency situations than 
otherwise, if a sense of the need for common sacrifice is prevalent. In any case, 
popularity is likely to be fairly low. 

In contrast, policies that provide mobility options, such as making it 
easier for people to use "alternative" modes (i.e. alternative to single- 
occupant vehicles), are likely to be popular, but have a range of 
effectiveness depending upon the measure and level of investment made. 
Some require significant investments in order to be prepared before an 
emergency occurs, so that implementation during an emergency can be 
achieved on a very short time scale. 

■ Temporarily eliminating public transit fares (e.g. if the lost transit 
revenues are covered out of general tax revenues) appears moderately 
effective, but would likely be relatively costly per barrel of oil saved. There 
would also be a large (and inefficient) windfall to existing riders. However, 
it may help increase the effectiveness and acceptance of other options 
such as driving bans. 

■ Increasing transit service can provide significant fuel savings (since 
this can cut car usage as travellers switch modes). However, for short- 
term increases using existing equipment and personnel, only a small 
expansion in services appears possible (e.g. peak hour services can 
be increased by perhaps 10% for most systems and peak services can 
be extended for longer time periods). Temporarily creating new bus- 
only lanes (or bus and car-pool-only lanes) by converting regular 
lanes can help, as can extending the operating hours of existing bus- 
only lanes. 
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A third set of policies can best be considered "no regret" policies. That is, they 
are likely to be relatively cheap to implement, mainly requiring a good public 
information campaign with some related support such as development of 
websites or other outreach programmes. While in some cases these will 
provide only modest oil savings, for an aggressive (and successful) programme 
the fuel savings could be quite large - up to one million barrels a day across 
all IEA countries. Public support for these measures is likely to be fairly good. 
Thus, these might be good measures to implement any time, on a permanent 
basis, though their impacts may be highest in an emergency situation, when 
the public is most likely to be responsive. 

■ Telecommuting and flexible work schedules can save substantial fuel 
and potentially be implemented very quickly. A well organised 
"emergency telecommuting" programme, particularly one where 
employers agree in advance to participate and designate certain 
employees to telecommute during designated situations, could yield large 
reductions in fuel use on such days. This type of plan could extend to 
other transportation-related emergencies, such as air quality "code red" 
days, transit strikes, etc. 

■ Ecodriving includes a wide array of behavioural changes, such as more 
efficient driving styles [e.g. changes in acceleration/deceleration and gear 
shifting patterns), optimal tyre inflation, reducing vehicle weight and other 
steps. An aggressive and comprehensive public information campaign on 
the benefits of "ecodriving" could yield substantial fuel savings. While 
some countries already run information campaigns of this type, at least 
occasionally, much stronger efforts could generate much better 
compliance, especially during emergencies. 

Some other measures, such as switching to alternative fuels and improving 
new car fuel economy, were judged unlikely to have much impact in an 
emergency situation, when only very rapid reductions are useful. Measures in 
these areas may be very important over the medium and longer term, however, 
in order to lower the trend in transport oil use. 

Regional differences 

The estimated effectiveness of the different measures varies significantly 
between IEA regions. This is mainly due to variations in the transport sector 
in terms of mode shares and the resulting flexibility of travellers to change 
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modes in each region. Figure ES-1 shows results for each region, for selected 
measures, as a percentage reduction in total petroleum fuel use for that 
region. 



Figure E-1 



Percentage reduction in total petroleum fuel use by IEA region, 
for selected measures 
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One example of the difference in the flexibility of the current systems is in the 
level of public transit infrastructure. IEA Europe and Japan/Republic of Korea 
(RK) tend to have greater levels of public transit and lower car ownership 
levels compared to North America and Australia/New Zealand (NZ). As a 
result, the measures to increase transit ridership result in significantly larger 
percentage reductions in petroleum use in Europe and Japan/RK relative to 
the other two regions. 

On the other hand, car-pooling policies appear less effective in Europe and 
most effective in North America and Australia/NZ, where levels of solo driving 
are relatively higher (allowing a greater benefit from increased car-pooling). 

The potential of telecommuting and flexible work policies also is least 
effective in the European region, relative to other regions. This is due to 
relatively lower current levels of solo car driving for commute trips. Thus, the 
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benefit of a telecommuting or flexible work schedule policy is relatively 
greater in those countries that currently have more solo car commute trips. 

On the other hand, driving bans appear most effective in Europe and least 
effective in North America. This is a function of the relative levels of household 
car ownership in each region. Average car ownership per household is highest 
in North America, which means that households are more likely to have at 
least one car available on any given day that a driving ban is enforced (as 
these are usually set by licence plate number). 

Speed limit reduction and enforcement policies appear most effective in 
Europe and North America, where there is relatively higher motorway usage 
(relative to Japan/RK and Australia/NZ) and (in the case of Europe) higher 
maximum speed limits, providing more benefit from a reduction. Europe's 
results would be even higher except that we assume that all heavy trucks 
already travel at 90 kph, in accordance with EU law. Another fuel economy- 
related measure, "ecodriving" (campaigns to promote more efficient driving 
styles and vehicle maintenance), is assumed to have very similar levels of 
effectiveness across regions. 

Implementation costs and cost-effectiveness 

The costs associated with implementing each measure, and its cost- 
effectiveness on this basis, were also estimated. These are summarised in 
Table E-2, shown as an average cost per barrel of oil saved across the IEA and 
grouped in order of decreasing cost-effectiveness. (Separate cost estimates 
were also made by region and are shown in Chapter 3.) It is important to be 
clear that these results are based on relatively simple assumptions and are 
incomplete: they include only the direct costs incurred (mostly by 
governments) to plan for and carry out emergency measures. They do not 
include most costs or savings to travellers, such as for taking public transit or 
buying fuel (though fuel costs are included implicitly, since the costs are 
presented per barrel saved; therefore large fuel savings to consumers are the 
basis for a low cost-per-barrel estimate). The estimates also do not include 
many difficult-to-measure but important indirect costs and benefits, such as 
reduced or enhanced mobility, impacts on travel time (e.g. increases in travel 
time from lower speed limits) and safety [e.g. reductions in accidents and 
fatalities from reductions in speed limits). However, for those measures likely 
to have a significant impact in one of these areas, this is noted in the third 
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Table E-2 

Summary of implementation cost-effectiveness of various measures 



Implementation 

cost- 
effectiveness 


Measure 


Other potential 
impacts 


Oil savings 

(from 
Table E-1) 




Car-pooling: large programme to 
designate emergency car-pool lanes 
along all motorways, designate park-and- 
ride lots, inform public and match riders 




Very Large 




Driving ban: odd/even licence plate 
scheme. Provide police enforcement, 
appropriate information and signage 


Possibly high 
societal costs from 
restricted travel 


Very Large 


VERY 
LOW COST 

Less than $1 
per barrel 
saved 


Telecommuting: large programme, 
including active participation of 
businesses, public information on benefits 
of telecommuting, minor investments in 
needed infrastructure to facilitate 


Possible 
productivity 
impacts from 
changes in 
work patterns 


Large 


Compressed work week (fewer but 
longer workdays): programme with employer 
participation and public information campaign 


Large 




"Ecodriving" (efficient driving styles 
and vehicle maintenance steps): intensive 
public information programme 


Likely safety 
benefits 


Large 




Car-pooling: small programme to inform 
public, match riders 




Moderate 


LOW COST 

Less than $15 per 


Speed limits: reduce highway speed 
limits to 90 kph. Provide police 
enforcement or speed cameras, 
appropriate information and signage 


Safety benefits but 
time costs 


Large 


barrel saved 


Driving ban: 1 in 10 days based on 
licence plate, with police enforcement 
and signage 


Possibly high 
societal costs from 
restricted travel 


Large 


MODERATE COST 

Less than $50 per 
barrel saved 


Bus priority: convert all existing car- 
pool and bus lanes to 24-hour bus 
priority usage and convert other lanes to 
bus-only lanes 




Small 


HIGH COST 

More than $100 
per bbl saved* 


Telecommuting: Large programme 
with purchase of computers for 50% 
of participants 


Possible productivity 
impacts from changes 
in work patterns 


Large 


Transit: free public transit (set fares to 
zero); 50% fare reduction, similar cost 




Moderate 


Transit: increase weekend and off-peak 
transit service and increase peak service 
frequency by 10% 




Moderate 



* Note: no measures are estimated to cost between $50 and $100 per barrel saved. 
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column of Table E-2. Measures that are likely to have large indirect costs from 
restrictions on mobility are also likely to be relatively unpopular, making them 
more difficult to implement. 

Another cost that is hard to measure is macroeconomic in nature. If 
application of one or more of these measures successfully reduces world oil 
demand sufficiently to result in a reduction in oil prices, this will yield 
macroeconomic benefits (or help avoid macroeconomic costs). Such impacts 
are very difficult to measure, but potentially quite large. 

Thus, the estimation of costs associated with different measures is quite 
complex and is a subject that deserves a more detailed treatment than could 
be provided in this study. The cost estimates presented here may be most 
relevant for governments to understand how much various measures will cost 
them to implement. Even then, the specific costs of implementing a measure 
may be highly variable and subject to specific conditions and assumptions, 
and governments are urged to undertake their own detailed cost assessments. 

The implementation cost-effectiveness of these assessed measures depends 
upon many factors, especially the amount of upfront investment made to 
implement them. In general, those policies that require significant investments 
or financial outlays are not likely to be cost-effective (roughly defined here as 
above $50 per barrel of petroleum saved, though there are none between $50 
and $100). Those policies that are not cost-effective include decreasing public 
transit fares, increasing public transit service frequency, constructing car-pool 
lanes and purchasing home computers for half of all telecommuters. All of 
these involve substantial costs and their cost-effectiveness (i.e. more than 
$100 per barrel of oil saved) is likely to exceed any expected increase in the 
cost of oil during an emergency situation. 

Those policies that are most cost-effective, with implementation costs less 
than $50 per barrel saved - and some much less - include information 
programmes to promote telecommuting and flexible work schedules, 
"ecodriving", car-pooling, odd/even day driving bans, and in some cases, 
speed reduction policies. Restriping of existing roadway lanes to create car- 
pool-only or bus-only lanes is moderately cost-effective, but significantly 
higher-cost than most of the policies focused on information campaigns. 
Odd/even day driving bans appear particularly cost-effective over a short 
period, despite costs associated with enforcing the bans. However, driving 
bans in particular may impose large indirect costs in terms of lost mobility. As 
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mentioned, such losses are difficult to measure and no attempt has been 
made to do so here. In contrast, measures that provide more and/or better 
mobility options clearly provide benefits in this regard. 

Conclusions and recommendations 



There are a variety of potential policies and measures available to rapidly 
reduce oil demand in the transport sector. Some of these may make sense at 
anytime, but might be easier to implement, be more effective, or be more cost- 
effective during an emergency situation such as an oil supply disruption. 
Though the effectiveness of each measure during an emergency is fairly 
uncertain and dependent on local circumstances, the available evidence 
suggests that some have the potential to significantly cut oil demand at a 
modest implementation cost. Savings on the order of one million barrels per 
day or more, on an lEA-wide basis, appear possible from well-conducted 
demand restraint programmes. This is enough to offset a fairly large reduction 
in world oil supplies. 

This study represents one of the few recent, comprehensive efforts to identify 
and evaluate rapid "demand restraint" measures for transport. More work is 
needed to continue to improve our understanding in this area. Perhaps most 
important is for countries to conduct their own analyses, reflecting their own 
priorities and their national and local circumstances. This study provides 
methodologies and data that will hopefully be useful in that context. 

Even lacking a precise understanding of all the issues related to this topic, 
it is important that IEA members and other countries have in place plans 
to respond to episodes of oil supply disruption, in much the same way as 
many now have systems for responding to periods of particularly bad air 
pollution. It is important to develop a careful, detailed plan, with public 
awareness and participation in order to help ensure that citizens will 
understand and accept the measures when actually implemented. It is also 
important that those measures with actions that must be taken in advance, 
in order to prepare for a possible emergency, are identified and the 
necessary pre-planning undertaken. For nearly every measure assessed in 
this report, some types of pre-planning and investments are required, 
without which the measure will likely be much less effective when actually 
implemented during an emergency. 
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Finally, when emergency episodes occur in the future, governments should 
carefully monitor their efforts and assess the effectiveness of their 
programmes, and share this information so that countries around the world 
continue to improve their approach and handling of such situations. 
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INTRODUCTION 



This book aims to provide a better understanding of potential short-term oil 
demand restraint measures in the transportation sector, allowing IEA member 
countries and non-member countries alike to better prepare for unexpected oil 
supply constraints and price spikes. It identifies measures that appear likely to 
be effective, and cost-effective, and develops straightforward methodologies 
for estimating their effectiveness that can be used by countries to make their 
own assessments. It uses these methodologies to provide regional and IEA- 
wide estimates of the potential reductions achievable from various demand 
restraint policies, and makes it easier for countries to make their own 
estimates. 

Why would countries act to restrain oil demand? The main reasons involve 
avoiding major disruptions in economic activities due to oil supply shortages 
and ensuring that existing supplies are allocated to the highest-value uses (by 
targeting demand restraint at lower-value uses). Even in the current era where 
oil prices react rapidly to changes in supply and demand, sudden, large supply 
disruptions could cause physical shortages for at least short periods of time. 
Further, the demand for oil is known to be highly inelastic in the short run - 
i.e. consumers and businesses do not react very quickly to changes in oil prices. 
Measures that help them to react faster, especially if such measures are low- 
cost, can help to reduce the economic impacts of disruptions and price spikes. 

The types of measures appropriate for rapidly cutting oil demand in an 
emergency situation may have very different effects on travel and fuel 
consumption behaviour than would occur under normal circumstances. There 
may also be a greater variety of policies that are viable under emergency 
conditions than under normal circumstances, especially if they are applied in 
a temporary fashion. The travel demand literature, however, focuses mainly on 
estimating transport policy effects under normal circumstances. For example, 
promoting car-pooling under normal circumstances may achieve at best a 
modest effect due to poor response rates by commuters and other travellers, 
while under emergency conditions the response could be more substantial. 
This might occur for two reasons. First, some individuals may no longer have 
access to fuel or would face a long queue to obtain it and thus would actively 
seek out car-pooling options. Secondly, altruistic behaviour may be more likely 
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during an emergency. If governments can assist drivers in their efforts to car- 
pool in these situations, it may simply help them to take actions they are 
interested in taking. For this reason, many of the estimates presented here, 
based mainly on historical data not relating to emergency situations, may 
underestimate the effectiveness of various policies in times of emergency. 
Ranges of estimates are generally provided, including the maximum potential 
savings that might be available. Consensus estimates of the most likely effect, 
based on our own judgments, are also provided. 

Careful advanced planning appears critical to enable transportation demand 
management initiatives to be rapidly put in place. Continuing with the car- 
pooling example, one way of promoting increased car-pooling is to provide car- 
poolers with a travel time benefit, for example by providing special car-pool 
lanes on roadways. This requires significant pre-planning and some 
investments, in terms of preparing signage and lane markings in advance of 
any emergency, to indicate that during an emergency, such lanes could 
become car-pool-only lanes. This would allow rapid "deployment" of the lanes 
during an emergency, in combination with an enforcement strategy. These 
types of pre-planning activities are also discussed in the following chapters. 
Estimates of the relative costs and benefits of the various policies analysed 
include the costs associated with pre-planning and deployment during an 
emergency. 

While many studies have examined travel behaviour under normal 
circumstances, few have focused on behaviour and how it may change during 
emergency conditions. The fuel supply emergency in the United Kingdom 
during 2000 serves as one example. We review some of the evidence on 
potential travel behaviour change based upon studies undertaken after the 
emergency. We also have sought to examine some of the effects of the global 
"energy crises" that occurred during the 1970s. Evidence from previous crises 
provides some basis for understanding both the potential of major 
behavioural changes to occur and to some extent the conditions that allow 
people to reduce their dependence on private car usage. In addition, we 
review some other contingency emergency fuel reduction plans to fully 
understand the planning measures that others have promoted and that some 
nations have adopted. 

One key set of policies is treated somewhat differently from the others: those 
associated with the price of fuel. We assume that in most countries, if severe 
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Demand response measures: an economic perspective 

The main benefit to most of the policies analysed in this report is 
increasing the flexibility of choice among travellers to respond to oil 
supply disruptions and/or price spikes. This can also be characterised 
as increasing the price elasticity of demand for transport fuel. This is 
shown graphically in Figure 1-1. The initial quantity of fuel demanded 
is Ql. Under an inelastic demand response, this would drop to Qi and 
with greater elasticity this would drop to Qe. Corresponding price effects 
are Pi for inelastic demand, which is greater than Pe when demand is 
more elastic. The economic consequences are best measured by changes 
in consumer surplus. For the more elastic case, the reduction in 
consumer surplus is the area with darker shading. For the more inelastic 
case, the reduction is this darker area plus the lighter shaded area. Thus, 
there is smaller reduction in consumer surplus and societal welfare 
when the elasticity of demand is larger. This should therefore be a 
primary goal of demand restraint measures - to increase the demand 
responsiveness of the transport sector to fuel price increases and/or 
supply constraints. However, the cost of the measure should be less than 
the benefit it provides in terms of reducing the loss of consumer surplus. 



Figure 1-1 
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transportation fuel supply constraints occur, then prices will increase through 
market forces. Using policies to increase retail prices further may be counter- 
productive. (On the other hand, lowering retail prices, such as by quickly 
cutting taxes, may also be counter-productive as it dampens this price signal 
and could spawn shortages.) We review recent estimates of consumer 
response to price changes, to try to understand what the response may be to 
a price spike, with no government intervention. We note that fuel price 
increases can have different effects in different countries. 

Previous fuel crises: what can be learned? 



Short-term transportation fuel supply shortages are not an unusual 
occurrence. These have occurred several times in the past few decades due to 
political disturbances in the Middle East. More recently, refinery supply 
constraints (e.g. in California) and strikes (e.g. in the UK) have been blamed 
for shortages. Under normal market conditions, a shortage in supply would 
naturally lead to higher prices at the pumps, given no immediate reduction in 
the demand for oil. More commonly, various disruptions have occurred that 
offer an opportunity to observe changes in the behaviour of car users. We 
briefly review some of the evidence on how consumers react to these short- 
term disruptions. This provides some understanding of the potential for travel 
demand policies to help mitigate the impact of disruptions, and what happens 
without them. 

The British fuel protests of 2000 

In September 2000, a one-week blockade of British refineries by haulers, 
farmers and their supporters led to a major short-term fuel supply emergency. 
Though causing severe and costly disruptions to the transport system in the 
UK over about a one-week period, it did also serve as an opportunity to 
observe driver behaviour and responses under conditions of severe constraints 
on fuel availability. These occurred quite rapidly over the course of the week. 

Many interesting behavioural effects were observed. First, shortages spread 
both because of curtailment of gasoline and diesel deliveries to refuelling 
stations, but also because drivers tended to stockpile fuel in their tanks, by 
filling up more frequently. However, traffic soon diminished on major 
motorways as people reduced the number of trips or their length. Eves et al. 
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(2002) evaluated traffic count data for several motorways and found 
significant drops during peak and off-peak times. For example, the M25 
London Orbital Motorway experienced about a 23% drop in traffic during the 
morning peak and a 44% reduction during off-peak periods. This clearly 
suggests that those trips that are more discretionary (such as non-work trips) 
tended to be avoided relative to less discretionary peak hour trips. They also 
estimated that reductions in heavy-duty vehicles were larger than for cars on 
the M25, but this result was not consistent for the other motorways measured 
in their study. 

Eves et al. also estimated changes in speed during the emergency compared 
to before the emergency. They found that during peak periods, speeds actually 
increased since there was less traffic congestion. However, during night-time 
periods they found speeds were marginally lower. They also found that overall 
average speeds were lower, after the reduced congestion effect was controlled 
for. This suggests that drivers may have tried to conserve fuel by reducing 
speeds. 

Chatterjee and Lyons (2002) conducted a fast-response survey immediately 
following the fuel emergency to examine how behaviour changed. While their 
survey sample was non-representative of Great Britain as a whole, they did 
find some suggestive results. The main response of most people was to reduce 
the number of trips taken. The vast majority of these were classified as "other" 
trips, that is, they were not commute, business, school or grocery shopping 
trips. Commute trip reductions did occur and there was an increase in car- 
pooling for commute trips, as well as some shifting to other modes. School 
trips saw a major increase in walking. Overall, the main response seemed to 
be associated with reducing "other" trips which would tend to be more 
discretionary (and potentially lower-value) in nature. 

A telephone survey that was conducted about two months after the fuel 
emergency analysed travellers' behaviour during the emergency (Thorpe et al., 
2002). About 29% of respondents reported actually running out of fuel 
during the one-week emergency. Most people (73%) continued to drive and 
there was about a 24% shift away from driving alone. Other modes also saw 
large shifts, including a 37% shift to walking and a 42% shift to public 
transit. There was a large percentage increase in the number of people who 
reported telecommuting (which was only three people before the emergency) 
rising to 19 during the emergency, out of the sample of 1 001 individuals. 
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Analysis of these same data by Noland et al. (2003) focused on how 
disruptive people thought a future fuel emergency would be to their 
engagement in activities. One of the interesting conclusions was that the vast 
majority of respondents did not expect a large amount of disruption, although 
key sub-groups did, especially for work-related travel. There was particular 
concern regarding maintaining fuel supplies for critical services, such as 
emergency services, providing supplies to hospitals, etc. But it appears that 
the diverse and widely available public transit systems in the United Kingdom 
are likely one reason why so many respondents felt that they could still 
engage in many travel-related activities even if there were severe fuel 
shortages. 

One of the important conclusions that can be reached from observing the 
British fuel emergency is that, while many people were affected, most found 
ways to cope with travel needs over the duration of the emergency. Clearly the 
economic (and political) costs of supply disruptions and potential food 
shortages would have been too severe, indicating the dependence of society 
on transport and therefore on reliable fuel supplies. But perhaps the costs 
associated with the transport disruptions could have been lowered with a 
more systematic programme providing better travel and non-travel 
alternatives to the public during the emergency. 

IEA member countries are under obligation to hold oil reserves of at least 
90 days of the previous year's net imports (see box). Therefore, most 
externally-generated supply crises will allow some time for preparatory action. 
The British emergency, however, demonstrates that a diverse transport system 
and a diversity of integrated land uses can provide individuals with feasible 
options. It also demonstrates the need to prioritise how the fuel is distributed 
if supplies are critically short, which might require some sort of government- 
controlled allocation scheme to maintain basic economic necessities such as 
food deliveries. Apart from allocation actions, governments may want to 
consider measures for reducing travel demand - the main focus of this book. 

Australian industrial dispute of 1981 

In September 1981, an industrial dispute over the shipment of petroleum 
products led to the closure of the only oil refinery in South Australia. 
Purchasing restrictions were rapidly introduced, mainly to prevent hoarding of 
supplies. These included price (expenditure) limits on how much could be 
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Demand restraint as an emergency response measure 

Emergency response is a main element of the lEA's treaty, the Agreement 
on an International Energy Program (IEP Agreement). It includes the 
important commitment by IEA participating countries to hold oil stocks 
equivalent to at least 90 days of net oil imports. The IEP Agreement also 
defines an integrated set of emergency response measures, including 
"stockdraw" (use of emergency oil reserves), demand restraint, fuel 
switching, surge oil production and sharing of available supplies, for major 
international oil disruptions which reach the 7% threshold (the "trigger") 
defined in the IEP Agreement. 

In accordance with obligations laid out in the IEP Agreement, each 
participating country maintains at all times an effective demand restraint 
programme which can be implemented promptly in an emergency. This 
includes measures in transport as well as other oil-consuming sectors. In 
the event of an activation of IEP emergency response measures, each IEA 
member country will be expected to immediately implement demand 
restraint measures sufficient to reduce oil consumption by 7% of normal 
demand levels. In a more severe disruption, this could be raised to 10%. 

Demand restraint measures are not exclusively reserved for disruptions 
which trigger an IEP response. For disruptions below this level, the IEA has 
a complementary set of measures known as Co-ordinated Emergency 
Response Measures (CERM). These provide a rapid and flexible system of 
response to actual or imminent oil supply disruptions. Under a collective 
action of the CERM, member countries would be expected to contribute 
either with the use of emergency stocks or other possible emergency 
response measures such as demand restraint. 

In the context of the IEP, demand restraint refers to short-term oil savings 
which can be achieved during the period of an emergency. As emphasised 
throughout this volume, this should not be confused with energy 
conservation or medium- to long-term measures to reduce oil consumption. 

Measures to achieve demand restraint fall into three main classes - 
persuasion and public information, administrative and compulsory 
measures and, finally, allocation and rationing schemes. The initial 
emphasis is likely to be on persuasion and light-handed end-use demand 
restraint measures rather than on compulsory measures or allocation. 
Some member countries may prefer, especially in the early phase of an 
emergency, to draw stocks in excess of their 90-day IEA commitment rather 
than introduce demand restraint measures, as allowed for in the IEP 
Agreement. 
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purchased, odd/even licence plate sale days and bans on refilling portable 
containers. This was followed by a weekend ban on sales and a coupon-based 
rationing system in Adelaide which lasted for four days. This was geared 
mainly to allow essential economic activities to continue; thus, coupons were 
provided mainly to truckers and other business vehicles, and private motorists 
were generally excluded. While details are unavailable, the rapid introduction 
of rationing clearly indicated that a contingency plan was in effect and this 
helped limit hoarding, which certainly would have worsened the economic 
damage from the emergency. It is unknown, however, how long the bans on 
sales to private motorists could have continued under longer-term emergency 
conditions without severe consequences (Lee, 1983). 

The 1970s fuel crises 

The 1970s global fuel crises (often called the "energy emergency") were 
clearly an important period for understanding how to deal with supply 
disruptions. Many of the transport demand management (TDM; also known as 
mobility management) policies still in use today were devised during the 
1970s, although now these are normally justified for traffic congestion 
management or pollutant emissions reduction rather than for fuel 
conservation. 

There were actually two main periods of fuel shortage in IEA countries - 1973- 
1974 and 1979-1980. The 1973 emergency was a result of the OPEC cartel 
cutting off supplies to Europe and North America, in response to the Egyptian- 
Israeli war occurring at that time. Oil prices quickly quadrupled (from $3 to 
$12 per barrel) and shortages ensued despite the price increase (the supply 
cut-off was nearly complete in countries like the United States and the 
Netherlands). The embargo ended after about six months, in March 1974, but 
prices continued to rise throughout the subsequent few years. 

The second major oil emergency occurred in 1979, triggered by a revolution in 
Iran. Iranian oil output and exports dropped precipitously and quickly caused 
a significant shortage of oil around the world, with a sharp rise in world oil 
prices. The Iran-Iraq war caused a severe drop in Iraqi output in 1980, 
exacerbating the situation. Oil prices rose from $14 per barrel in 1978 to $35 
in 1981 (in nominal dollars). Price controls in countries like the United States 
were lifted over this period, resulting in much higher retail prices but also 
eliminating queues for gasoline by 1981. 
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As mentioned, an important feature of the 1970s crises was that at that time 
many IEA countries had price controls on the sale of gasoline (Lee, 1983). The 
resulting inability of market forces to respond to a supply shortage, through 
increased prices, led to some "artificial" shortages as refiners in some 
countries exported gasoline to countries where prices were allowed to be 
higher. These types of price controls are now mostly gone, although it is 
certainly possible that some governments would reintroduce them should 
large price spikes occur. Pressure is often put on the government to lower taxes 
under periods of high underlying fuel cost, and this could certainly occur 
during a price spike episode. Such a lowering of taxes could have similar 
consequences as price controls, at least in terms of triggering physical 
shortages. 

Hartgen and Neveu (1980) provided an assessment of transportation 
conservation measures undertaken in New York State during the 1979 
emergency. They reported that New York reduced gasoline consumption, in 
aggregate, by 6% during the emergency, mostly through reductions in car 
driving. Drivers found other ways to move around: increases in public transit 
usage accounted for 31% of total fuel use reductions in New York City, while 
in the rest of the state, the combination of public transit and ride-sharing 
accounted for 24% of the savings. Switching to use of a more fuel-efficient car 
was also important (such as through shifting by multi-car households from 
one car to another). The study emphasised that these savings were achieved 
predominantly through voluntary action, and that significant additional 
conservation could be achieved through government programmes. 

This review of the literature uncovered few additional available studies 
examining how driver behaviour responded during the 1970 crises. Hartgen 
and Neveu (1980) reference various government-funded reports, but most of 
these are out of print. 

Lessons learned 

Clearly, one of the key lessons of the previous crises is that travel demand can 
be reduced (or drop on its own accord) fairly quickly during a supply 
emergency. The British emergency in particular showed some remarkable 
short-term effects, especially with regard to non-essential trips. However, the 
ability to sustain these sorts of reductions over a longer term of several weeks 
or a few months could be far more difficult, at least without high economic 
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costs. The evidence from the 1970s suggests that some moderate reductions 
were achievable without any government action other than appeals to 
altruistic behaviour. Clearly, in cases where fuel simply was in short supply, 
reductions in travel were forced and it is unclear at what cost to society. Thus 
a key question is, can governments intervene in ways that make it easier and 
less costly for travellers to cope with supply disruptions and price spikes? 
Subsequent chapters of this book look at this question. 

Previous emergency planning efforts 



Member countries of the IEA, through their "National Emergency Sharing 
Organisations" are responsible for implementing emergency measures. 
Member countries are required to have oil demand restraint programmes in 
place that can reduce oil demand by 7-10% in the event of a supply 
disruption. Most oil demand is now generated by the transport sector. 
Therefore, any strategy to reduce oil demand must involve emergency 
planning to reduce transport oil consumption. While previous emergency 
planning efforts in the transport sector have been carried out, many of these 
have not been updated in many years. Some of these are reviewed below. 

In the United States, following the 1973-1974 energy emergency, there was a 
flurry of activity among urban areas to develop "Energy Contingency Plans". 
Much of this planning effort was focused on gasoline supplies and availability, 
but some also covered heating oil supplies. For the most part, the transport- 
related measures focused on many of the transportation demand 
management (TDM) measures discussed in the following sections of this 
report. These included car and van-pooling programmes, flexible/compressed 
work weeks and various ride-sharing programmes. Other actions were related 
to gasoline sales, such as odd/even licence plate purchase days (Barker, 
1983). 

Various public transit-related actions were also planned for. These were 
intended to put more buses into service by activating reserve fleets, using 
school buses and changing maintenance schedules. The dissemination of 
information on public transit was also planned for (Barker, 1983). 

Barker (1983) reports that many of these measures were considered 
unsuccessful. The exception was efforts to control queuing at gasoline stations 
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by odd/even purchase days, which, while effective at reducing queues, only 
had minor effects on total fuel consumption. Car-pooling programmes 
suffered from the time taken to set up the technology to match riders and 
contact people. This is an important observation. With modern computer 
technology and experience gained (at least in the United States) at running 
car-pooling programmes, it is likely these could be set up much more quickly 
- and many already exist. In any country, setting up a system to help match 
travellers with others, to help car-pools form quickly, could yield important 
benefits during a supply emergency. Developing an infrastructure of high- 
occupancy vehicle (HOV) lanes - that is, lanes that become dedicated for car- 
poolers during a supply emergency - could also facilitate greater success at 
instituting a short-term car-pooling programme. The potential impacts of such 
measures are discussed in the following chapters. 

Several difficulties were reported with changing public transit operations on 
short notice. These included the inability to quickly train new drivers, 
insurance-related problems with using school buses for public transit, and the 
lack of sufficient reserve vehicle capacity to bring on line quickly. If these sorts 
of measures are to be implemented, planning and actual investments need to 
be made well in advance of the emergency occurring. Provision of public 
transit information was hampered by not having enough telephone capacity 
to handle calls. Internet-related technologies could make the dissemination of 
this type of information far more efficient today. 

Lee (1983) provides some perspective on IEA planning efforts in response 
to the 1970s crises, based largely on personal communications and 
unpublished reports. One issue is that in the 1970s, many IEA member 
countries were more interventionist with various price controls on gasoline, 
government ownership of refineries and much greater political support for 
interventionist policies. At least in Europe, the European Union now 
generally discourages or prohibits policies aimed at controlling prices or 
nationalisation of industries. 

Norway has had detailed contingency plans going back to the 1970s. Much 
of their planning relied on voluntary conservation measures, but if an 
emergency worsened over time, weekend driving bans, rationing and 
curtailment of recreational travel were planned for (Lee, 1983). Many 
countries had contingency plans to introduce rationing if supplies became 
constrained, including having stockpiles of ration coupons already printed. 
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In 1979, New Zealand implemented a earless day scheme, based on coloured 
stickers put on vehicles. This banned car use one day a week. Service stations 
were also closed on weekends. In 1981 the parliament passed the Petroleum 
Demand-Restraint Act which authorised both of the above measures during 
emergencies as well as odd/even day sales, maximum and minimum purchase 
limits and the printing of ration coupons. 

More recently, ICF Consulting developed a draft emergency plan for Greece 
(see box). Various transport-related demand measures were included in this 
plan to be implemented in the event of an oil supply emergency. The 
Emergency Plan calls for a series of actions to be undertaken by the central 
government, grouped in sets dependent on the severity of the emergency. 
The transport sector components of this Emergency Plan are outlined in the 
box. 

One feature of this plan is that initial actions are relatively minor, consisting 
only of public relations efforts and calls to conserve energy. Only if this proves 
ineffective would more severe actions to mandate reductions in private car use 
be implemented. Clearly, if the price of fuel is high, this will in itself result in 
some reductions in consumption. On the other hand, if a supply emergency 
were multi-national in its scope, reductions in Greek demand for fuel might 
have little impact on the underlying oil price, in which case even the most 
severe cutbacks in consumption might not yield price reductions. 

Key components not considered in earlier planning efforts were the 
institutional and management requirements of actually implementing a plan 
(Barker, 1983). In other words, it is one thing to mandate that more 
commuters car-pool and quite another thing to actually have a system in place 
to ensure that this happens. A key component of any emergency plan should 
be to lay the foundation such that measures can be quickly and successfully 
implemented during an actual emergency. The experience in implementing 
travel demand restraint and mode-switching policies for other goals (such as 
traffic congestion reduction and air quality improvement) helps provide such 
a basis. 

Various planning elements are necessary to implement the many policies 
discussed here. While some can be implemented quite quickly or will occur 
naturally due to price increases, others can be best facilitated by 
comprehensive pre-planning that builds more flexibility into the transport 
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Energy emergency plan for Greece 

Greece's energy emergency plan has three sets of measures. At the 
lowest level of emergency, the initial implementation of the plan focuses 
on voluntary actions that are believed to be of low cost and cause few, 
if any, distortions in the market: 

1. Voluntary demand reductions. The Minister of Development 
authorises a public campaign on radio, television, newspapers and 
any other appropriate medium to call on travellers to volunteer to: 

a. Take public translation and use car-pooling to the extent 
possible. 

b. Reduce the amount of driving, make efficient trips and walk 
instead of driving on shorter trips. 

If further steps are required, the Minister may order the following 
actions that are considered more costly and could result in distortions 
to the economy. 

2. Mandated demand restraints. Demand restraints considered will 
include restricting private automobile use, restricting service station 
operations and restricting the operation of energy-intensive 
industries. 

A continued shortage or steady rise in prices will be a signal for further 
more severe actions to be taken. 

3. Additional mandated demand reductions. After considering the 
effectiveness of the cumulative actions and the impact on prices, the 
Minister of Development can mandate demand reductions via: 

a. Reductions in speed limits. 

b. Further restrictions on private vehicle transportation, especially 
automobiles. 

In all cases, the Minister will delegate monitoring and enforcement 
authority over all road transportation restrictions to the national police. 
Failure to comply with regulations will result in various fines and 
penalties. 
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system. Examples include premarking of motorway lanes for car-pools (with 
associated signage that indicates that such lanes would become car-pool-only 
lanes under certain circumstances), increasing the size of public transit fleets 
with reserve buses and bus drivers, obtaining commitments from employers 
that they will institute flexible work schedules and telecommuting plans, 
installation of variable speed limit signs for motorway and other high-speed 
road systems, and preparation of complementary publicity measures to inform 
people of the system and convince them of the benefits of reducing fuel 
consumption and how their behaviour is important. 
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2. ANALYSIS OF POTENTIAL 
POLICIES AND MEASURES 

This chapter describes and analyses various transport demand restraint 
policies that could be applied under emergency conditions. While specific 
policies that could be implemented are fairly numerous, we focus our 
discussion on those that appear to be the most promising, cost-effective and 
politically feasible, distinguishing between several general categories of 
policy. Each set of policies is then analysed to determine the potential range 
of effectiveness. Effectiveness estimates are made for each IEA region using 
the best available data. In cases where data are not available, or may not be 
available for a specific region, we use the best assumptions possible. These are 
clearly stated in all cases. The estimates presented here are intended to be 
indicative - to provide order-of-magnitude indications - and to provide policy- 
makers with methodologies and guidelines for developing and scoring policies 
that may be appropriate in their country's context. 

Transport demand restraint policies: 
overview and methodologies 



"Transport demand restraint" policies are generally similar to "transport 
demand management" (or TDM) policies, a more common term in the 
transport literature, though these are usually thought of and applied not for 
emergency situations, but for managing transport demand and fuel use under 
normal circumstances, over time. The vast majority of the literature on the 
impacts of TDM policies relates to this more general situation, rather than 
emergency conditions. The impacts of TDM policies may be different in 
emergency than in normal circumstances, but it is still useful to gain an 
understanding of the types of impacts they have in the more general case. We 
first present some general results for various policies and then discuss and 
analyse the key policies in more detail, in the context of a fuel supply 
emergency. 

Meyer (1999) reports results from an Apogee/NARC study done in the early 
1990s that reviewed various estimates of the effectiveness of TDM policies. 
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This study provides estimates of percentage reductions in vehicle miles of 
travel resulting from various policies. TDM policies that involve increasing the 
price of transport were, not surprisingly, found to be more effective than 
policies that simply provide increased choice of travel options. Table 2-1 
displays the range of estimated effects for selected TDM options. 

Details on how these estimates were made and what specific conditions they 
refer to were not available. These were essentially based on a literature review 
conducted in the early 1990s. They do serve, however, to show reasonable 
ranges of effects on vehicle miles of travel (and consequently fuel 
consumption). Some of these policies are discussed further below. 

A study by the German Institute for Economic Research (DIW, 1996) analysed 
the effectiveness of various measures that discourage or forbid vehicle usage. 
These are somewhat different from typical TDM policies which are usually 
aimed at providing travellers with additional choices or implementing market- 
based pricing mechanisms, but might be quite effective during emergencies. 
Estimates from the DIW study are shown in Table 2-2. These are based 
primarily on assumptions, rather than empirical estimates. However, they serve 
to highlight another set of alternative policies for reducing vehicle fuel 
consumption. 

Table 2-1 



Estimated effects of transport demand management 


Measure 


Percentage reduction in daily VMT 


Minimum 


Maximum 


Employer trip reduction 


0.2 


3.3 


Area-wide ride-sharing 


0.1 


2.0 


Public transit improvements 


0.1 


2.6 


HOV lanes 


0.2 


1.4 


Park and ride lots 


0.1 


0.5 


Bike and walk facilities 


0.02 


0.03 


Parking pricing at work 


0.5 


4.0 


Parking pricing: non-work 


3.1 


4.2 


Congestion pricing 


0.2 


5.7 


Compressed work week 


0.03 


0.6 


Telecommuting 




3.4 


Land use planning 


0.1 


5.4 


Smog/VMT tax 


0.2 


0.6 



Source: Apogee/NARC study as reported by Meyer (1999); VMT: vehicle-miles travelled. 
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Table 2-2 



Potential fuel savings from transport demand management 


Measure 


Percentage of total domestic fuel sales 
Gasoline Diesel Total 


Pi j hi ir annpals to rpdurp ronsurnntion without nrirp pffprts 


1.9 


0.2 


1.1 


Public appeals to reduce consumption with price effects 


7.6 


0.7 


4.6 


Ban on motor sport events 


0.1 


0.0 


0.0 


Ban on driving by car to large-scale events 


2.5 


0.6 


1.7 


Speed restrictions 1 


7.2 


1.7 


4.8 


Ban on driving every second Sunday 


3.7 


0.9 


2.5 


Ban on driving every second weekend 


4.8 


1.1 


3.2 


General ban on Sunday driving 


9.3 


2.2 


6.3 


Restriction on use by administrative decree 2 


5.5 


1.3 


3.7 


Restriction on use by registration number 3 


3.6 


0.9 


2.4 


General ban on weekend driving 


12.6 


3.0 


8.5 


Implementation of fuel supply ordinance (rationing) 4 


12.6 


3.0 


8.5 



1 100 km/h on motorways, 80 km/h on other roads outside built-up areas. 

2 Public authorities set days on which drivers are banned. 

3 On each weekday two final registration numbers banned. 

4 Savings of 15% in journeys to work/training/education, of 7.5% in business travel and of 90% in shopping, 
leisure and holiday travel. 

Sources: Branch Association of the Petroleum Industry, Germany; DIW (1999). 

The general approach taken in the analyses that follow is based on estimating 
a range of possible effects for each of the potential policy approaches. The 
aim is not to specify a specific policy, but rather to examine a general strategy, 
such as "increasing car-pooling" or "reducing travel speeds" and then to 
examine the maximum potential fuel savings possible if this can be achieved. 

Within these analyses we also consider how actual policies under conditions 
of a fuel emergency might lead to actual reductions. For example, a policy of 
designating various motorway lanes as car-pool lanes could lead to a 
reduction in fuel that is somewhat less than if all trips now had more than one 
occupant in the car. Therefore, in most cases, the maximum potential is 
unlikely to be achieved when put in the context of actual policies that can be 
implemented. 

The other consideration, however, is that behavioural responsiveness to 
policies is likely to be more effective under emergency conditions. This is true 
for several reasons. First, altruism on the part of individuals is likely to be high, 
at least in the short term. Second, supply disruption-induced fuel price 
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increases will provide an incentive to reduce fuel consumption for financial 
reasons. Finally, actual shortages would naturally force some people to 
respond to policy initiatives. Therefore, at least in some cases, our estimates 
may be conservative, as they are to a large degree based on behavioural 
responses to policies under normal non-emergency conditions. 

Our analysis also seeks to use the best available data, as previously described. 
Where possible, data and estimates from individual countries or regions are 
used. Assumptions are clearly noted where data are not available. Details on 
many of the data sources used in this analysis are presented in the appendix. 



Pricing and taxation-related policies 



There is a large variety of pricing policies, ranging from fuel taxes that can 
have a direct impact on fuel consumption, to more esoteric measures with 
limited local impacts, such as congestion pricing, or various measures to 
increase the "opportunity cost" of parking. 

A substantial literature exists on the price responsiveness of fuel consumption 
to changes in prices. This is known as price elasticity of demand and is defined 
simply as the percentage change in the amount of fuel consumed for a 
percentage change in the price of fuel. For example, a price elasticity of -0.3 
means that a 10% increase in price results in a 3% decrease in consumption. 

There have been several recent reviews of the literature on fuel price 
elasticities. These include Goodwin et al. (2004) and Graham and Glaister 
(2002). Both studies were funded by the UK Department for Transport and 
provided very similar assessments of the average estimates of fuel price 
elasticities in the literature. The consensus range is that short-run fuel price 
elasticities are between -0.2 to -0.3, with long-run elasticities being between 
-0.6 to -0.8. The distinction between long-run and short-run elasticities is 
somewhat ambiguous and is partly related to the estimation techniques used. 
From a time perspective, the short-run effects occur almost immediately, while 
the long-run effects occur in time scales related to the turnover of the vehicle 
fleet and relocation of activities within an urban area (probably about 5 years 
on average). 



46 



2. Analysis of potential policies and measures 



The behavioural effects associated with short-term elasticities are generally 
less driving, more efficient driving styles and more efficient allocation of trip- 
making decisions (for example trip chaining). The price elasticity literature 
does not tend to disaggregate these effects. Longer-run effects are associated 
primarily with purchase of more efficient vehicles and, to some extent, with 
relocation and redistribution of activities and land uses to shorten trips. 

Changes in fuel prices also have an effect on total kilometres travelled. 
Consensus elasticity estimates for this effect are also found to range from -0.15 
in the short run to -0.30 in the long run. The short-run effect is somewhat 
similar to the short-run fuel consumption effect. Interestingly, this effect is 
smaller and the difference could perhaps be attributed to changes in driving 
style that can also lead to fuel consumption reductions. If disaggregated in this 
way, we could say that the direct short-run effect from a price increase (due to 
less driving) is -0.15, while the effect from changes in driving style is between 
-0.05 and -0.15 (based on the difference in elasticities). 

Another important consideration is how changes in travel time affect demand 
for car travel and indirectly fuel consumption. Noland and Lem (2002) 
reviewed the literature on how changes in road capacity affect total travel 
(essentially what is known as the induced demand effect). While not explicitly 
considering the travel time effect, the consensus estimates on induced travel 
elasticities (expressed as changes in vehicle-miles or kilometres travelled [VMT 
orVKT] with respect to changes in lane miles) is about 0.2 to 0.3 in the short 
run, ranging from 0.7 to 1.0 in the long run. 

More explicitly, looking at travel time elasticities, Graham and Claister (2005) 
report that these are about -0.20 in the short run and up to -0.74 in the long 
run. One implication that they highlight in their review is that increasing travel 
times and congestion will tend to be more important, in the long run, than 
increases in fuel prices, in offsetting vehicle-kilometres of travel (VKT) growth. 

Graham and Glaister also reviewed elasticities of road freight demand. This is 
normally expressed as changes in tonne-km for a given change in generalised 
cost, of which fuel prices would be one component. They found wide variation 
between different commodity types and no easily identifiable average value. 
Their main conclusion is that the elasticity is negative and in some cases could 
be quite large, which contradicts assertions that freight demand is relatively 
inelastic with respect to price changes. 
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A recent European Commission project, TRACE, also estimated and reviewed 
travel demand elasticities. The basic approach taken by this project was to use 
national travel demand modelling systems from various countries. Within this 
context, the travel demand elasticities are dependent on many of the modelling 
assumptions made and should be considered in this light. However, they do 
provide more detail than aggregate econometric studies. That detail includes 
extensive elasticity estimates for different types of trips and also for parking 
pricing policies. These are reported in The Elasticity Handbook (TRACE, 1999). 

Key results from the TRACE project are presented in Table 2-3. These give 
elasticity estimates for how VKT changes with changes in fuel price, travel 
times and parking charges. Parking elasticities include an average estimate 
based on increasing existing parking charges and new charges prorated to the 
distance travelled. Each is disaggregated by trip purpose. What is especially 
interesting about these results is the different responses for commuting and 
business trips versus "other" trips. This last category would include most trips 
which are more discretionary in nature. Clearly, these will tend to be affected 
much more by these type of charges, at least in the short run. Long-run 
responses are higher in all cases, especially for travel times. 



Table 2-3 

Key results from the TRACE project 



VKT with respect to VKT with respect to parking charges 



I 1 l|# JINipwaC 


fuel 


travel 




distances distances 


distances distances 




price 


time 


average 


a5 km 


5-30 km 


30-100 km 


over 
100 km 


Short term: 


Commuting 


-0.15 


-0.48 


-0.02 


-0.10 


-0.02 


-0.01 


-0.01 


Business 


-0.02 


-0.05 

















Education 


-0.06 


-0.05 


-0.01 


-0.12 


-0.02 





-0.00 


Other 


-0.22 


-0.19 


-0.08 


-0.30 


-0.06 


-0.01 


-0.02 


Total 


0.15 


0.28 


0.03 


0.18 


0.03 


0.01 





Long term: 


Commuting 


-0.25 


-1.04 


-0.04 


-0.13 


-0.06 


-0.02 





Business 


-0.22 


-0.15 


-0.03 


-0.02 


-0.02 


-0.03 


-0.03 


Education 


-0.38 


-0.84 


-0.03 


-0.17 


-0.06 


-0.01 





Other 


-0.47 


-0.86 


-0.16 


-0.36 


-0.18 


-0.05 


-0.00 


Total 


0.31 


0.80 


0.07 


0.22 


0.10 


0.03 


0.02 



VKT: vehicle-kilometres travelled. 
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Table 2-4 also presents modelling results on the effectiveness of some 
individual pricing policies (US EPA, 1998). These are based on cities in 
California in the early 1990s. Results show percentage reductions in vehicle- 
kilometres of travel (VKT), trips, travel time and fuel usage. 



Table 2-4 



Modelled estimates of pricing measure impacts 


Policy 




Percentage reductions 






VKT 


Trips 


Time 


Fuel 


Region-wide congestion pricing 


0.6-2.6 


0.5-2.5 


1.8-7.6 


1.8-7.7 


Region-wide employee parking charges 


$1.00 per day 


0.8-1.1 


1.0-1.2 


1.0-1.1 


1.1-1.2 


$3.00 per day 


2.3-2.9 


2.6-3.1 


2.5-3.0 


2.6-3.0 


Gasoline tax increase 


$0.50 per gallon 


2.3-2.8 


2.1-2.7 


2.4-2.8 


5.8-7.4 


$2.00 per gallon 


8.1-9.6 


7.6-9.2 


8.4-9.7 


24.3-27.3 


Mileage and emissions-based registration fees 


Fee range from $40-$400 annually 


0.2-0.3 


0.1-0.2 


0.2-0.3 


3.4-4.4 


Fee range from $10-$1 000 annually 


2.9-3.6 


2.7-3.3 


2.7-3.5 


6.3-7.9 


VMT fee of $0.02 per mile 


4.6-5.6 


4.4-5.4 


4.8-5.7 


4.8-5.7 



Source: US EPA (1998); VKT: vehicle-kilometres travelled. 

These results provide a basis for developing simple methods to evaluate short- 
run responses to policies that affect fuel prices, travel times and parking 
charges. In general, these effects will differ depending upon trip purpose. This 
study is focused on very short-term and rapid responses to fuel shortages. The 
elasticities reviewed here are all based upon econometric or modelling results 
which may define "short term" less explicitly. For example, econometric 
approaches generally assume that short-term elasticities are derived from 
cross-sectional studies or from lagged estimates that separate short and long- 
run elasticity coefficients. Sometimes, the actual time frame is ambiguous. In 
general, however, "short term" is anywhere from a few months up to a year, 
relative to "long term" which could be in the range of 1-10 years (or however 
long it takes to turn over the vehicle stock and for relocational effects to 
occur). 

The short-term elasticities in this case should probably be viewed as lower 
bounds for the type of very short-term policies that might be considered in the 
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context of short-term demand restraint measures (i.e. a few weeks of altered 
behaviour due to price increases). There is some evidence that effects can be 
significant when the crisis is limited in duration, as discussed in the context of 
the British fuel emergency (Noland etal., 2003). 

Fuel prices under emergency conditions and regional variation 
in responses 

Assuming that countries allow market forces to operate in the petroleum 
sector, any reduction in supply should give rise to increases in the price of fuel. 
This of itself will tend to dampen demand and induce many of the behavioural 
changes sought by implementation of demand restraint measures. These 
include shifts in mode of travel, reduced trip-making and reductions in travel 
speed, amongst others. Therefore, to some extent it is not strictly necessary to 
implement pricing policies that increase fuel prices. 

However, one of the key issues is that each IEA region will tend to have 
somewhat different responses to price increases based upon the variation in 
transport infrastructure, the ability to offer alternative modes of travel and the 
existing taxation schemes in each country. 

Fuel taxation tends to vary both between countries and between IEA 
regions. In general, the United States has the lowest level of fuel taxes (and 
prices), while European countries have the highest tax levels and price 
levels. Canada has taxes that are about double those in the United States, 
but prices are only about 20-30% higher. Prices in Australia and New 
Zealand are similar to those in Canada, but the share of the price that is 
taxes is slightly larger. In Europe, prices can vary by as much as 30% 
between the low-price (low-tax) countries such as Greece, and those such 
as the United Kingdom and Denmark, with higher prices and taxes. Prices 
in Japan and the Republic of Korea are similar to average European values. 
Thus, in general, we can characterise North America as being low-price and 
low-tax, followed by Australia and New Zealand being slightly higher, and 
Europe and Japan/Republic of Korea being the regions with the most 
expensive fuel. 

What this means in terms of demand restraint in each of the regions is that 
fuel price increases in Europe and Japan/Republic of Korea will be less 
effective by themselves in reducing overall demand compared to North 
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America and Australia/New Zealand. As mentioned, demand elasticity is 
the percentage change in demand in response to a percentage increase in 
price. Since most tax regimes have a fixed tax per litre, this means that for 
those areas with relatively high taxes, underlying fuel price increases will 
have a smaller percentage effect on retail fuel prices (unless the tax is set 
as an ad valorem tax and thus increases in proportion to fuel price). This 
difference far outweighs the likely differences in elasticities, resulting in a 
smaller effect in reducing the consumption of fuel. Some tax regimes 
include value-added or sales tax on the total, but generally this is smaller 
than the fixed tax rate. 

The other complication is that those countries that have historically had 
higher taxes also tend to have developed less reliance on private car travel. 
This means that, in general, they will have more compact and mixed-use 
development, more public transit and lower levels of car ownership. In this 
sense, though the previous discussion suggests that the total price increase 
will be a lower percentage, they also tend to have more elastic demand (since 
there are more travel options). 

Table 2-5 



Effect of a 50% increase in fuel price on demand under different conditions 



Tax percentage 
of retail fuel 


Change in retail fuel 
price from 50% increase 


Fuel use elasticity and resulting 
percentage fuel use reduction 


price 


in petroleum price 


-0.1 


-0.2 


-0.3 -0.4 


20% 


40% 


-4% 


-8% 


-12% -16% 


40% 


30% 


-3% 


-6% 


-9% -12% 


60% 


20% 


-2% 


-4% 


-6% -8% 


80% 


10% 


-1% 


-2% 


-3% -4% 



Table 2-5 shows some of the effects related to elasticity of fuel 
consumption with respect to price and the percentage of the total price 
that consists of fuel tax. As the first two columns show, as the percentage 
of the retail price composed of tax increases (with higher tax rates), the 
impact of a change in the underlying product price on final retail price 
diminishes (since the tax does not change if it is nominal, which is the case 
in most countries). The following columns show the percentage reduction 
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in demand that occurs with different elasticities and different changes in 
final fuel price. As can be seen, when the amount of taxation is less, one 
gets a larger percentage reduction in consumption for a given elasticity. If 
fuel taxes consist of 20% of the total price (similar to United States values) 
and we assume a relatively inelastic response of -0.2, then the percentage 
reduction is -8% (fuel use is 4% lower than it would be without the tax). 
With a higher tax, such as one that represents 60% of the retail fuel price 
(similar to many European countries), then even with a higher elasticity, 
such as -0.3, the reduction in fuel use could be lower (in this case 6% 
rather than 8%). 

Another unknown factor is how severe shortages could lead to exceptional 
increases in gasoline prices. Under these circumstances, constant elasticity 
conditions may no longer hold, as consumers may face real budget constraints 
(income effects) in purchasing fuel. This could imply far larger reductions, 
overriding any effects from existing tax policies. 

While it is likely that price increases will have some effect in reducing 
consumption and equilibrating demand and supply, governments may be 
under pressure to reduce fuel tax levies. The British fuel protests of 2000 
received their initial spark from spikes in the price of fuel, not any recent 
government policy with respect to taxes (although the fuel tax escalator had 
been pushing up fuel tax levies above the rate of inflation for several years). 
While prices came down eventually, the government made small changes in 
fuel taxes in response to the protests and also eliminated the automatic fuel 
tax escalator. 

Government fuel tax policy should be careful not to offset price increases due 
to supply constraints, as this will only be counter-productive and could 
exacerbate any spot shortages of fuel. Since these price increases will tend to 
be automatic, the key policy lesson is that fuel taxes should not be used to 
offset price increases. There could clearly be political incentives for some 
governments to follow a counter-productive strategy such as this. 

The other major point of this analysis is that initial higher fuel tax rates also 
tend to automatically mitigate the effects of increases in price. This is due 
both to the likely higher level of alternative transport infrastructure available, 
but also is related to the proportional increase in fuel prices (assuming 
elasticities are constant). 
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Implementation of pricing policies 

Various road pricing policies can also be effective at reducing fuel 
consumption. Many of these cannot be implemented without sufficient pre- 
planning. Some of these are discussed below but no analyses of effects are 
provided. The various elasticity estimates provided above can be used by those 
wishing to estimate the potential effects of these types of policies. 

Road pricing policies can be implemented in several ways. For example, one 
simple mechanism is a direct fee based on vehicle-kilometres travelled (VKT). 
This could be implemented by basing annual registration fees on VKT. 
Another method is through insurance premiums, sometimes called "pay as you 
drive" (PAYD) or "pay at the pump" (PATP) insurance schemes. These schemes 
have been estimated to reduce driving by shifting fixed costs to variable costs 
(Litman, 2000). Actual reductions could easily be estimated from the VKT 
elasticities presented above. While collection of fees during annual 
registration would not be amenable to short-term increases in price, PAYD 
could be if vehicle movements are tracked in real time, as many of these 
schemes have proposed. These types of schemes would make it feasible to 
institute surcharges for short periods of time in response to a need to reduce 
fuel consumption. 

Congestion pricing, primarily aimed at reducing congestion, may also provide 
some reduction in fuel use. This depends on how the scheme is designed. For 
example, the London congestion charging scheme levies a £5.00 charge for 
vehicles entering Central London between 7:00 a.m. and 6:30 p.m. on 
weekdays. Recent estimates found that this scheme has reduced traffic in 
Central London by about 30%. Estimates suggest that about 50% of those 
previously driving to Central London have switched to public transit, about 15- 
25% have switched to cycling, motorcycling and car-pooling. Overall car 
occupancy is estimated to have increased by about 10%. Many trips that 
previously went through the zone have now been diverted around it. On the 
basis of these initial estimates, it is likely that vehicle travel and fuel 
consumption have decreased, although it would be difficult to give precise 
estimates (Transport for London, 2003). However, one important 
consideration is that when these types of systems are in place, it is relatively 
easy (at least technically) to vary the price under emergency conditions to 
further reduce vehicle travel for short periods of time. The scale of the London 
scheme is relatively small, so any net reductions in fuel consumption would 
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also be small relative to total national consumption. But a system in place on 
the entirety of a nation's motorways might be able to deliver large reductions 
in an emergency. 

The impact of parking pricing (or taxes) can also be evaluated from the 
elasticities above. Another parking policy is known as "parking cash-out". This 
is essentially a way of creating an opportunity cost associated with what is 
currently free employer-subsidised parking. This type of policy requires 
employers to offer all employees the cash equivalent of the value of the free 
parking that is offered, in lieu of that parking. This provides a strong incentive 
for employees to reduce the amount of driving for work trips (by forgoing 
parking and taking the cash). In a case study of eight firms that implemented 
this policy in California, Shoup (1997) found that vehicle-miles travelled (VMT) 
decreased by 11% with the share of solo commuter driving decreasing from 
76% to 63% amongst the employees. Employees shifted to other modes, with 
car-pooling seeing the greatest increase in modal share. 

Provision and promotion of alternative modes 



One set of policies to reduce car usage is to encourage travellers to use 
alternative modes of travel. This includes shifting travel to public transit, car- 
pools, walking and bicycling. Policy mechanisms for accomplishing these types 
of shifts have been extensively explored over the last 30 years. One of the 
most effective means to encourage these mode shifts is to do so indirectly, by 
increasing the cost or decreasing the ease of car travel. These effects have 
already been discussed in the section on pricing policies, and are implicitly 
covered under the consequences of driving bans, speed reductions, etc. This 
section looks at other policies to directly increase the attractiveness of these 
modes, by making them less costly or easier for people to use, either by 
increasing the level of service or removing barriers to usage. This section 
discusses and analyses the potential of some of these policies. 

The impact of public transit improvements on reducing car travel, which 
include a bundle of potential policies, can be quite difficult to estimate. Table 
2-1 shows estimated vehicle travel reductions that range from 0.1% to 2.6% 
for a broad range of public transit promotion measures, which is a large range, 
though of relatively small magnitude. The details on what transit 
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"improvements" this encompasses and the spatial scale of the travel 
reductions are not known. Improvements can consist of increases in scheduled 
frequency, spatial coverage, comfort, reduced crowding, improved information 
provision, as well as fare decreases. 

Because of the wide range of potential effects, we have explored three main 
approaches most applicable for implementation on an emergency basis 
during a petroleum supply emergency. These three are fare reductions or 
elimination, off-peak service enhancements (service frequency increases) and 
bus lane prioritisation enhancements, discussed below. 

One important conceptual issue that spans these three strategies is 
estimating their effect on private VKT. Typically and understandably, each has 
been assessed for its effectiveness in increasing public transit ridership. 
Although some studies take some or even all of the connecting steps, these 
are several steps removed from assessing the public transit passenger-km 
increases, private vehicle passenger-km decreases and private vehicle VKT 
decreases necessary to estimate petroleum demand reductions. Where 
available, we utilise studies that do estimate the private vehicle travel 
reductions directly (typically through the use of cross-price elasticities rather 
than just own-characteristic elasticities). In the other cases we must rely on 
assumptions, described below, to estimate these relationships. 

Public transit fare reductions 

The own-price demand elasticity of public transit patronage with respect to 
fare changes is well established, though based mainly on studies in North 
America. This elasticity is generally about -0.3, meaning that a price reduction 
of 10% yields a ridership increase of 3%. 

Litman (2004) conducted a review of the literature and found that it breaks 
down to a -0.42 elasticity for off-peak travel and -0.23 for peak periods. 
According to a fact sheet from the Commission for Integrated Transport 
(2002b), in the United Kingdom since the 1990s, local bus fares have 
increased by 24% and local bus use declined by 11%, which would imply an 
elasticity of -0.46, though many other factors also changed during this time 
period. A study by Booz Allen Hamilton (2003) for the Department of Urban 
Services in Canberra, Australia estimated that, for bus users, own-price 
elasticities were -0.18 during peak and -0.22 during off-peak times. These 
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findings show that commuter trips are less elastic than off-peak trips, i.e. that 
commuters are less responsive to price changes than riders at other times. 

Nijkamp and Pepping (1998) report on a European analysis of public transit 
elasticities. Table 2-6 shows the results of their survey of four European countries. 
These elasticity values reflect changes in public transit trips and person-km. One 
of their conclusions is that the level of the elasticity varies by country, perhaps due 
to different situations in each country with respect to levels of urbanisation and 
availability of alternative modes (such as cycling in the Netherlands). Goodwin 
(1992) suggests that higher elasticities such as these may represent long-run 
rather than short-run effects (with short-run elasticities more appropriate for an 
emergency response). Dargay and Hanly (1999) similarly suggest a -0.2 to -0.3 
short-run elasticity and a -0.4 to -1.0 long-run elasticity, with higher values for 
rural bus and intercity coach services. In any case, most of the European 
elasticities are higher than the -0.3 value commonly used in the United States. 
This suggests that Europeans may have more flexible travel options than 
Americans and are more likely to change modes if prices change. 

Several studies of employer-paid commuter public transit benefits (the 
equivalent of reduced or free fares) have found substantial increases in public 
transit use through these programmes. As shown in Table 2-7, studies of the 
TransitChek programme in New York City and Philadelphia regions and of the 

Table 2-6 



Survey of public transit travel elasticities in four European countries 



Country 


Year of data 


Competitive 
modes 


Person-km 
elasticity 


Trip 
elasticity 


Finland 


1988 


2 




-0.48 


Finland 


1995 


3 




-0.56 


Finland 


1966-1990 


1 


-0.75 




Netherlands 


1984-1985 


2 




-0.35 to -0.40 


Netherlands 


1980-1986 


2 




-0.35 to -0.40 


Netherlands 


1950-1980 


1 


-0.51 




Netherlands 


1965-1981 


1 


-0.53 to -0.80 




Netherlands 


1986 


2 


-0.77 




Netherlands 


1977-1991 


2 


-0.74 




Norway 


1990-1991 


3 




-0.40 


Norway 


1991-1992 


5 




-0.63 


United Kingdom 


1991 


4 




-0.15 


Source: Nijkamp and Pepping (1998). 
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Table 2-7 



Change in public transit use due to employer-provided public transit benefits 


Region 


Type of trip 


PpiTPnt<inp nf Pinnlnvppc 

reporting increased transit 
use 


AvPf/inp inrrpacp in \a/ppH\/ 
nvciajjc iiiuiccijc hi wcciviy 

public transit trips 
per employee (employees 
receiving benefit) 


San Francisco 


Commute 


34% 


2.1 


Bay Area 


Non-work 


29% 


1.2 




Total trips 


N/A 


3.2 


Philadelphia 


Total trips 


N/A 


2.5 


New York 


Commute 


11-23% 


1.1-1.2 




Non-work 


14-22% 


0.6-1.7 




Total trips 


N/A 


1.7-2.9 



N/A: not available. 



Commuter Check programme in San Francisco found the programmes result in 
an increase in employee public transit use for both commuting and non-work 
trips among those receiving employer-provided public transit benefits (RSPA, 
1995; MTC, 1995). As shown, employees receiving benefits took from 1.7 to 
3.2 new public transit trips per week. 

Although most of the employees receiving public transit benefits already 
commuted by public transit, the surveys suggest that most of the users who 
increased public transit use were previously non-users or infrequent users of public 
transit, and remain irregular users 1 . The largest increases in public transit use 
appear to be in suburban areas, where existing public transit share is lower than 
urban areas. For example, in the MTC study, the average increase was 3.0 new 
public transit trips for employees working in San Francisco and 3.7 new public 
transit trips per week for employees working outside San Francisco. 

Other studies estimate higher values, around -0.3 for France and -0.5 for the 
UK for short-run elasticities with respect to fares. Litman (2004) also cites 
Cillen (1994) as demonstrating that car owners and users are (unsurprisingly) 
more sensitive to fare increases (i.e. other users are often "captive" to public 
transit), with a price elasticity of -0.41 compared to -0.28 for all users. 



7. It is not clear to what extent the level of the subsidy affects the number of new public transit trips. One 
would expect that a higher subsidy would yield greater public transit use. The San Francisco study however, 
suggests that the level of the public transit subsidy has little bearing on the public transit ridership effect. 
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Litman (2004) also finds that rail and bus elasticities often differ. This difference 
may be due to income differences, as higher-income residents tend to be more 
likely to use rail systems than buses. For example, Pratt (1999) estimated own- 
price elasticities of rail transport ridership to changes in transit fare in Chicago. 
Estimated elasticities were -0.10 and -0.46 for peak and off-peak riders, 
respectively, compared to -0.30 and -0.46 for bus riders. A study for the 
Australian Road Research Board (Luk and Hepburn, 1993) was cited by Litman 
(2004) as reporting average rail elasticities of -0.35, compared to -0.29 for bus. 

Changes in public transit ridership do not translate directly into changes in 
private vehicle travel. Much depends on the particular circumstances of a 
transit system and the urban area in which it operates. For example, in many 
public transit free-fare zones, many of the patrons using the free public transit 
services likely would have walked or used public transit anyway in the absence 
of the free ride, thus resulting in limited private vehicle trip reduction. 
However, these programmes can still support vehicle trip reduction by 
increasing the likelihood that people will use them to get around for midday 
trips without a vehicle. This in turn could make car-pooling to work more 
attractive. Free services on commuter routes most likely will draw a much 
larger share of riders who otherwise would have driven to work and thus have 
much larger direct VMT reduction effects. 

Litman (2004) cites Pratt (1999) as finding a range of 10% to 50% of increased 
trips by bus substituting for a car driver trip, while 20% to 60% of decreases in 
car driver trips will divert to public transit. Hagler Bailly (1999) estimated the 
breakdown of ridership sources for increased transit trips as 62% diverted from 
car trips, 4% from taxis and 34% from others such as cycling or walking. While 
Litman recommends using quite low short-term cross-price elasticities for car 
travel with respect to public transit fares (-0.03 to -0.10), this may understate 
mode switching during a situation such as a petroleum emergency as these 
estimates usually reflect a stand-alone ceteris paribus fare change. 

Off-peak service enhancements 

For most public transit systems, increasing service during an emergency would 
mostly be limited to off-peak periods. Typically, transit operators put their 
maximum available fleet in service during peak periods, constrained by rolling 
stock supply and a small reserve of vehicles to provide replacement for 
mechanical breakdowns or other operational contingencies. However, midday 
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and other off-peak services can usually be increased significantly - though 
often at the expense of additional driver overtime and/or deferred regular 
maintenance usually conducted during this period. 

Such service increases result not only in increased system capacity, but also 
increased service frequency and thus reduced traveller wait times. Many 
studies have shown that travellers place a high value on reducing wait times. 
For example, they typically put a higher value on reducing this "out-of-vehicle" 
wait time than on reducing "in-vehicle" time. Service increases could also 
provide better passenger comfort (less crowding), though this would depend 
on the overall response in terms of increased ridership. 

Increasing bus service will lower a city's (and a country's) fuel demand by 
diverting trips from private cars. However, this strategy may have some 
offsetting effects in terms of increased demand for petroleum from public 
transit. Our calculations on the likely increase in bus fuel use compared to 
reductions in likely car fuel use indicate that this effect is probably negligible in 
most cases (see also DIW [1996], which did a similar calculation). This is mainly 
due to the large number of cars removed from the road for each bus added. 

To determine the effect of improvements in public transit on ridership, two 
different types of studies should be consulted. In addition to empirical studies 
of the relationship between transit service level and ridership, travel modelling 
studies are useful sources of elasticity estimates. These studies, often conducted 
for particular urban areas, are able to roughly estimate increases in transit 
ridership and decreases in regional private vehicle travel from a wide range of 
public transit policies. Litman (2004) reviewed a variety of studies and 
concluded that, though there is considerable variation, the elasticity of public 
transit use with respect to public transit service frequency averages about 0.5. 
This elasticity relates the percentage change in transit trips to the change in 
"headway" time (the time between bus/train arrivals) or to out-of-vehicle wait 
time. Greater effects were found where transit service is infrequent. 

Bus lane prioritisation enhancements 

The third option for improving public transit is the creation or enhancement 
of dedicated lanes for service, such as bus lanes. While some communities 
have implemented grade-separated facilities (e.g. Ottawa, Pittsburgh and 
several Australian cities have roadways and highways dedicated to public bus 
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service), more frequently these are on-street facilities, where only buses are 
allowed to use a particular lane or street. This is common in the United 
Kingdom and elsewhere in Europe. One strategy could be to extend the 
operational hours of bus lanes to 24 hours and weekends. Often, these 
facilities function as bus facilities only a few hours per day, usually one 
direction during peak rush hour. Changes in mode shares are highly 
dependent upon the travel time savings and reliability improvements that can 
be achieved by bus lanes. 

The Urban Transport Industry Commission (1994) found bus demand 
elasticity with respect to bus in-vehicle time of about -0.7. A study by Hagler 
Bailly (1999) found a lower in-vehicle time elasticity for buses of -0.4, but also 
found this to be twice as big as the fare elasticity. This indicates that changes 
in the fare are not as important as changes in time when travellers choose 
between travel by bus and other means. 

A report by the UK Commission for Integrated Transport assumes that, on 
average, trip times are reduced by 2.5% for every kilometre stretch of 
dedicated bus lane on the journey, compared to regular lanes. An average 
10% time saving may be achievable if bus lanes cover half of the route 
(Commission for Integrated Transport, 2002a). These appear to be 
assumptions. Kain et al. (1992) report that central business district bus lanes 
in the United States increase bus speeds by up to about 25%, although this 
varies significantly depending on local circumstances. 

One benefit of bus lanes is that creating them on-street is relatively cheap, 
requiring only road striping and signage. They can be set up quickly, though 
should be prepared in advance of fuel shortage emergencies. 

Analysis of public transit policies 

As described in the appendix, the Millennium Database contains detailed 
transport statistics for a large sampling of urban areas throughout the 
world. Those cities within the IEA countries with complete data were used 
in our analysis and are listed in the appendix (Table A-5). The same 
procedure used in the development of the database was used here for 
normalising public transit estimates to regional totals, starting from this 
sampling of urban areas. This relates data on total population for each 
region to total urban population for each region, and to the percentage of 
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total urban population represented by the Millennium Database sample. 
While public transit ridership is likely to be disproportionately higher in the 
cities covered in the Millennium Database than in other urban areas, on 
the other hand this normalisation procedure does not account for rural, 
regional or short inter-city public transit services (e.g. many express 
commuter buses, etc.). A cross-check of these numbers against Eurostat 
figures for total bus and coach passenger-km showed comparable results at 
the regional level. Thus these data, and the approach for aggregating to 
regional totals, appear to provide reasonable estimates for baseline public 
transit ridership. 

Public transit ridership data were available by mode from the Millennium 
Database. Ridership by mode, during peak and off-peak times, was used as 
the basis for estimating off-peak and weekend ridership at 45% of total 
ridership. Relevant data are shown in the appendix, Table A-6, and the results 
of the data normalisation are shown in Table A-7. 

On the basis of the literature reviewed above, effectiveness factors and 
elasticities were selected for variants of each of the three policy approaches 
discussed above (fare reductions, service enhancements and lane prioritisation 
for transit). Two variants of each were chosen, for a total of six measures. 
These are shown in Table 2-8. For each measure, an elasticity was used to 
relate the change in fare or in time savings (from improved service) to a 
change in transit ridership. The elasticity calculations are shown in Table 2-8, 
with the impacts shown as percentage changes in daily transit trips. For the 
fare reduction measures, a cross-price elasticity impact on reduced private 
vehicle trips is also shown. 

Table 2-9 shows how the impact estimates on transit trips were further 
developed, with calculations carried through to fuel savings. Just one of the 
six measures is shown: the 50% reduction in transit fares. A full set of 
estimates for all six transit measures is provided in tables A-10 and A-ll in the 
appendix. 

Table 2-9 shows that, for the fare reduction measures, two different methods 
were used to estimate the reduction in private vehicle trips. First, a "diverted 
trips" measure was used. Based on the literature, 60% of the increased transit 
trips were assumed to have been "diverted" from private vehicles, and private 
vehicle trips were decreased accordingly. The second approach used the cross- 
price elasticity shown in Table 2-8. 
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Table 2-8 



Elasticity assumptions and impacts for public transit measures 



Measure 


Impact 


Estimation approach 
(type of elasticity used) 


Percentage change in trips 


Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Aus/ 
NZ 


Reduce public 
transit fares by 
50% 


Increase in 
transit trips 


Apply own-price elasticity 
(-0.4 for Europe and Asia; 
-0.3 for North America and 
Australia/NZ) 


20 


20 


15 


15 


Decrease in 
private vehicle 
trips 


Apply cross-price elasticity 
(-0.10) to private vehicle trips 


-5 


-5 


-5 


-5 


Reduce public 
transit fares by 
100% 


Increase in 
transit trips 


Apply own-price elasticity 
(-0.4 Europe and Asia; -0.3 
North America and Oceania) 


40 


40 


30 


30 


Decrease in 
private vehicle 
trips 


Apply cross-price elasticity 
(-0.1 ) to private vehicle trips 


-10 


-10 


-10 


-10 


Increase 
weekend and 
off-peak service 
frequency by 
40% (to peak 
levels) 


Increase in 
transit trips 


Apply out-of-vehicle time 
elasticity (0.5) to off-peak 
public transit trips 


20 


20 


20 


20 


Increase off- 
peak service as 
above plus 
increase peak 
service 
frequency by 
10% 


Increase in off- 
peal</peak 
transit trips 


Apply out-of-vehicle time 
elasticity (0.5) to off-peak/ 
peak public transit trips 


20/5 


20/5 


20/5 


20/5 


Convert all HOV 
and bus lanes to 
24-hour bus 
priority usage 


Increase in off- 
peak transit 
trips 


Apply in-vehicle time 
elasticity (0.4) to a 10% 
average time saving on off- 
peak public transit trips 


4 


4 


4 


4 


Convert as 
above plus 
designate two 
linear metres of 
new lanes per 
1 000 urban 
residents 


Increase in off- 
peal</peak 
transit trips 


Apply in-vehicle time 
elasticity (0.4) to a 15% 
average time saving on off- 
peak public transit trips and 
5% for peak trips 


6/2 


6/2 


6/2 


6/2 



Note: positive numbers denote percentage increases in trips; negative numbers denote decreases. 
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Table 2-9 


Estimated impacts of a 50% reduction in transit fares 




Japon/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Percentage increase in transit trips (own-price 
elasticity of -0.4 for Europe and Australia/NZ; 
-0.3 for other regions) 


20 


20 


15 


15 


Additional transit trips per day (millions) 


21.1 


36.2 


6.1 


0.6 


Reduction in private vehicle trips per day (millions)* 


• Method 1 : apply 60% diversion factor 
to estimate private vehicle trips reduced 


12.6 


21.8 


3.6 


0.3 


• Method 2: apply cross-price elasticity (-0.10) 
to private transport trips 


7.5 


22.0 


37.5 


3.0 


• Final estimate (lesser of method 1 or 2) 


7.5 


21.8 


3.6 


0.3 


Average private vehicle trip distance (kilometres) 


12.2 


12.4 


13.2 


9.9 


Private vehicle reduction in daily travel (million 
kilometres) 


91.8 


269.7 


47.5 


3.0 


Fuel saved per day (million litres) 


10.2 


27.3 


6.8 


0.5 



*Note: for reduction in trips in private vehicles, results of two methods are shown in two rows; only the lower 
estimate is used in subsequent calculations. 



As shown in Table 2-9, the lower of these two estimates was then selected as 
the more likely result and used for subsequent calculations. For all regions 
except Japan/RK, the "diverted trips" approach resulted in a much lower 
estimate of private vehicle trip reduction than the cross-elasticity approach, 
which in some cases yielded the implausible result of more car trips reduced 
than transit trips generated. Finally, Table 2-9 converts the daily trip reduction 
in private motor vehicles to reductions in daily vehicle-kilometres of travel 
(VKT) and fuel use. 

Table 2-10 converts the daily fuel savings results into annual oil savings and 
the percentage this represents of total road transport fuel use and petroleum 
fuel use by region, if the policy were applied throughout the IEA. 

An important caveat in these calculations is whether the assumed elasticities, 
estimated under normal conditions, are applicable for an "emergency" 
situation. On the one hand, fuel price increases and, especially, a fuel shortage 
may cause considerable shifting to public transit even without any measures. 
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Table 2-10 



Estimated fuel savings from public transit measures: summary results 





Japan/ 


IEA 


US/ 


Australia/ 


Total 




RK 


Europe 


Canada 


NZ 




Million litres saved/day 


50% fare reduction 


10.2 


27.3 


6.6 


0.4 


44.5 


100% fare reduction 


20.4 


54.7 


13.5 


1.0 


89.5 


Increased off-peak service 


9.4 


15.1 


5.0 


0.4 


29.8 


Increased peak and off-peak service 


11.8 


18.7 


6.1 


0.4 


36.9 


Bus and HOV enhancement 


0.4 


1.7 


0.6 


0.0 


2.7 


Bus and HOV expansion 


0.8 


3.4 


1.1 


0.1 


5.4 


Thousand barrels saved/day 


50% fare reduction 


64.1 


172.0 


41.6 


2.5 


280.1 


100% fare reduction 


128.1 


343.9 


84.9 


6.2 


563.2 


Increased off-peak service 


58.9 


94.9 


31.2 


2.5 


187.5 


Increased peak and off-peak service 


74.3 


117.4 


38.1 


2.5 


232.3 


Bus and HOV enhancement 


2.6 


10.7 


3.5 


0.2 


16.9 


Bus and HOV expansion 


5.1 


21.3 


6.9 


0.5 


33.9 


Percentage of road transport fuel saved 


50% fare reduction 


3.1 


3.0 


0.4 


0.5 


1.4 


100% fare reduction 


6.1 


6.1 


0.7 


1.2 


2.8 


Increased off-peak service 


2.8 


1.7 


0.3 


0.5 


0.9 


Increased peak and off-peak service 


3.5 


2.1 


0.3 


0.5 


1.2 


Bus and HOV enhancement 


0.12 


0.19 


0.03 


0.05 


0.08 


Bus and HOV expansion 


0.24 


0.38 


0.06 


0.09 


0.17 


Percentage of total fuel saved 


50% fare reduction 


1.7 


1.9 


0.3 


0.3 


1.0 


100% fare reduction 


3.4 


3.9 


0.6 


0.8 


2.0 


Increased off-peak service 


1.6 


1.1 


0.2 


0.3 


0.7 


Increased peak and off-peak service 


2.0 


1.3 


0.3 


0.3 


0.8 


Bus and HOV enhancement 


0.07 


0.12 


0.02 


0.03 


0.06 


Bus and HOV expansion 


0.14 


0.24 


0.05 


0.07 


0.12 



On the other hand, government measures to provide more and/or cheaper 
transit during an emergency may be seen as a valuable and genuine effort to 
alleviate mobility problems, and people may be more responsive than under 
normal circumstances. 
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Car-pooling policies 

Encouraging car-pooling is another potential option for reducing private 
vehicle travel - by reducing single-occupant vehicle travel. Car-pooling refers 
to two or more individuals sharing a ride in a car, often on a regular basis 2 . 
Various policies for encouraging car-pooling have been devised. These include 
the construction of car-pool-only traffic lanes, preferential parking and 
methods for matching potential car-poolers (usually those commuting to the 
same place of employment). 

Many cities in the United States have built car-pool-only lanes (also known as 
high-occupancy vehicle or HOV lanes) on major motorways, either by simply 
restriping existing lanes and adding signage indicating that the lanes are 
restricted to car-pools, or by major investment in new, dedicated roadway 
facilities (e.g. adding new lanes). Many areas in the United States find that the 
number of people carried in HOV lanes often exceeds those in regular ("mixed- 
flow") lanes, although most HOV lanes are still underutilised. Table 2-1 above 
shows estimates that car-pool lanes reduce total vehicle miles travelled by 
anywhere from 0.2% to 1.4%. 

HOV lanes are less common in Europe, with only a few examples of dedicated 
facilities (Noland et al., 2001). HOV lanes generally are found to be more 
effective when commute lengths are long (leading to greater travel time 
savings) or when commutes are to centralised zones, with high concentrations 
of employment and with easy access by public transit or on foot to other areas. 
HOVs usually consist of family members or friends. Several cities have found 
that many or even most HOV users are drawn from public transit when HOV 
lanes are constructed. However, under emergency conditions, many more HOV 
riders might be drawn from single-occupant cars. 

Kuzmyak (2001) reported that the impacts of an HOV lane depend on 
numerous complex and interrelated factors. HOV lanes should certainly 
improve average traffic flow conditions in their own lanes, raising average 
speeds and reducing congestion. Depending on the degree of prior congestion 



2. The terms car-pooling, car-sharing, and ride-sharing are often confused. Car-sharing refers to the sharing 
of a car or cars by a group of people, taking turns. It also takes the form of car co-operatives and short-term 
rentals. Ride-sharing refers to the informal sharing of a ride (often between strangers) so that the driver can 
take advantage of car-pooling infrastructure (examples of this exist in San Francisco and Washington, DC). 
Car-pooling usually refers to more formalised, or at least more regular, ride-sharing arrangements. See 
Noland and Polak (2001) for more details. 
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and success of the HOV lane in attracting ridership, flow on parallel lanes may 
be improved or worsened. In successful cases, HOV lanes provide higher levels 
of service (higher speed, reduced travel time) both for persons who previously 
drove alone and those who used public transit. In reviewing detailed regional 
studies, Kuzmyak found examples of HOV facilities both increasing and 
decreasing local air pollutant emissions. It is, however, unclear what the 
impact on fuel consumption would be, as this may not be correlated with 
impacts on emissions of other pollutants. 

Noland and Polak (2001) summarise some of the issues involved with 
modelling HOV lane usage. Their report provides coefficient estimates used in 
regional models developed in the United States. McDonald and Noland 
(2001) developed a simple simulation model that uses others' estimated 
coefficients to evaluate changes in HOV usage. Their results suggest that 
travel time changes can generate shifts to HOV lanes; for example, an 
elasticity of -2.0 was found relating reduction in delay to incidence of HOV 
lane use. Table A-12 in the appendix displays the coefficients used by 
McDonald and Noland (2001) which were collected from a variety of sources. 

Park and ride lots 

Park and ride facilities are most commonly parking lots near freeway on-ramps 
or adjacent to regional transit or rail service. Park and ride lots allow for car- 
pool partners to meet one another and van-pool riders to meet at a central 
location, perhaps expanding the range in which ride-share arrangements can 
be efficiently formed. Many car-pools and van-pools use transit-oriented park 
and ride lots for this purpose. Parking lots at some rail stations prohibit 
parking by non-transit users. 

The impact of park and ride facilities on car-pool and van-pool formation and 
use has not been widely evaluated. Clearly, such facilities, which often are 
located near freeways, make it easier for car-poolers to minimise the car-pool 
trip time. They also might provide a convenient place for van-pools to park 
overnight. 

In one study of park and ride users in Dallas, 21% said they would not car- 
pool if it were not for the availability of the park and ride lot and 62% said 
the lot was one of many factors in deciding to car-pool. Another study of some 
1 50 fringe car-pool park and ride lots showed that the prior mode of users was 
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60% single-occupancy vehicle and 34% car-pool, thus showing a substantial 
mode shift (Pratt, 1981). One issue related to park and ride facilities is 
whether they induce people to drive to a pick-up point rather than walk or be 
picked up at home, thus increasing vehicle travel and fuel use. No 
comprehensive evaluation has been conducted to date on car-pool and van- 
pool mode share increases due to enhanced marketing, promotion and 
education alone. 

Various park and ride contingency plans could be developed for emergency 
fuel supply reductions, including locating and identifying existing parking 
facilities that could be converted to park and ride lots on short notice. These 
could include parking lots at existing shopping centres which may be 
underutilised much of the time. Rough estimates of the expected effectiveness 
of these types of lots could be made (based for example on the mode shift 
estimates discussed above). 

Another element of park and ride lots is that they can encourage "casual car- 
pooling" or "informal ride-sharing". In Washington, DC, casual car-pooling 
occurs from the northern Virginia suburbs along the HOV (3 or more riders) 
lanes on 1-395. Drivers pick up passengers at several locations (known as "slug 
lines") paralleling 1-395, including a number of park and ride lots. The car- 
pools go to two destinations, the Pentagon in Arlington, Virginia and 
downtown Washington, DC This system is also used for evening trips, with 
slug lines forming in several locations. It is estimated that in the Washington 
DC area 2 500-5 000 commuters participate in a casual car-pool each day, 
mainly during peak travel periods (Noland and Polak, 2001 ). A similar system 
spontaneously appeared in the San Francisco Bay area, taking advantage of 
an HOV lane on the Bay Bridge, allowing morning queues of up to 30 minutes 
to be avoided. 

Financial incentives for car-pooling 

Financial incentives are public-sector supported programmes to reduce the 
cost of car-pooling, van-pooling or public transit, to increase the share of these 
modes. A wide range of different types of financial incentives can be offered, 
including: subsidies for van-pools; reduced public parking rates for registered 
car-pools or van-pools; special gasoline purchase cards or free carwashes for 
registered car-pools; and reduced-fare or fare-free public transit services. 
Special discounts can also be offered to car-pooling and transit commuters, 
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such as receiving a discount at selected retailers, restaurants or services (e.g. 
such as oil change) for registered car-poolers or van-poolers or people showing 
a transit pass. 

The theory behind financial incentives is that they will make it more appealing 
and less costly to car-pool or take transit and therefore encourage people to 
switch to these alternatives. Ample evidence suggests that commuters do 
respond to price signals. The effectiveness of these programmes depends on 
the type and level of the incentive. 

Studies have concluded that financial incentives are a fundamental part of 
effective trip-reduction programmes. It has been estimated that incentives 
that give employees something extra, such as a subsidy, bonus or prize, can 
eliminate up to 20% of the daily vehicle trips arriving at work sites (Southern 
California Rideshare, 2003). According to a 1994 study of over one thousand 
Los Angeles area programmes for employee commute trip reduction, financial 
incentives were found to be the most effective of all the strategies evaluated 
(Cambridge Systematics, 1994). 

Overall, the impacts of these ongoing financial incentive programmes depend 
on the type and level of incentive. For example, in many public transit free-fare 
zones, many of the patrons using the free transit services likely would have 
walked or used transit even without a free ride, thus resulting in limited direct 
vehicle trip reduction. Free services on commuter routes most likely will draw 
riders who otherwise would have driven to work and therefore could have 
larger direct vehicle travel reduction effects. Limited information is available 
on the effects of discounts and other small benefits for car-poolers. These 
programmes may have less effect on changing travel behaviour than they 
have on maintaining existing car-pools and van-pools. 

A study for the Southern California Association of Governments, Regional 
Transportation Demand Management Task Force (LDA Consulting et al., 
2003) analysed two ongoing financial incentives: 1) a regional van-pool 
subsidy programme, providing $150 per month per van-pool; and 2) a regional 
car-pool incentive programme worth $25 per month per registered car-pool, 
which could be in the form of a prepaid gasoline card and/or discounts on 
public parking. The van-pool subsidy was estimated to reduce vehicle trips by 
26 400 per day and vehicle-miles travelled by about 526 000 per day. The car- 
pool incentive was estimated to reduce vehicle trips by 137 000 per day and 
vehicle-miles travelled by 1.9 million per day. 
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The cost of financial incentives depends on the type of incentives offered. 
Direct government subsidies to registered car-poolers and van-poolers do 
require a substantial outlay of funds. Discount programmes that provide 
people who car-pool with savings at local stores may not require a government 
subsidy if local businesses offer discounts as a way to attract customers. 
Marketing, outreach and tracking, however, would be required in order to sign 
up businesses in the programme, raise awareness of the programme among 
travellers and make sure that participants are actually car-pooling or using 
public transit. 

Although financial incentives are expensive, they are also usually very 
effective. People readily respond to price signals. Such programmes are likely 
to be more effective where there are supporting programmes, such as 
preferential parking and employer-based support for car-pooling. 

Financial incentives require co-ordination with outside entities. In addition to 
the need to receive funding from local governments, these programmes will 
require co-ordination with van-pool providers, parking operators, etc., in order 
to be implemented. Any special discounts offered by retailers or related 
service providers also will need to be negotiated and publicised. 

Each jurisdiction could operate a separate financial incentive programme, 
although it would be helpful if the basic programme elements and 
requirements were similar to avoid confusion. A preferable approach might be 
for the programme to be operated regionally or nationally. 

These types of policies can be evaluated using the price elasticities discussed 
above. However, in a short-term emergency, these programmes would be 
difficult to set up and more direct policies might be preferable. 

Car-pooling analyses 

As previously discussed, policies to encourage car-pooling are quite broad. 
These have generally consisted of providing preferential car-pool lanes or 
parking spots for car-pools. Other policies, aimed at increasing the cost of 
single-occupant cars, often result in increased car-pooling (in addition to 
modal shifts to public transit). The analysis presented below focuses on the 
potential of car-pooling in an emergency situation. We assume that public 
appeals to car-pool, perhaps combined with preferential treatment of car- 
poolers (i.e. reserved lanes and parking) would lead to some increase. 
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Increased fuel prices during an emergency would also lead to some modal 
shift, but we do not explicitly analyse this. 

Several estimates of the impact of car-pooling are calculated. First, to gauge 
an upper bound estimate, we make the simple assumption that every car trip 
now has one additional person who had previously driven alone. This is clearly 
an extreme assumption but serves as a high-end estimate of the maximum 
potential of car-pooling. We also estimate effects from adding one person to 
every car on a motorway, which could be a high-end scenario for large-scale, 
car-pool lane deployment. We also analyse adding one person to every car 
commute trip. Low-end estimates are calculated by analysing the effect of 
previous assumptions on VKT reduction from car-pool lanes (not under 
emergency conditions). Table 2-11 shows the intermediate estimates and 
results for adding one person to each car within all urban areas of each 
region, with the assumption that these extra passengers are drawn from 
existing single-occupant vehicles. Put another way, this assumes an increase in 
average car occupancy of one person. 

We used the Millennium Database of cities (appendix, Table A-7) to estimate 
average vehicle occupancy for each region (Table 2-11). Note that our average 
vehicle occupancy numbers appear to be relatively high. This would, if 
anything, lead to less than expected reductions from this policy and thus this 
might represent a lower maximum potential than if current vehicle occupancy 
rates were lower. 

Vehicle travel for each scenario was then recalculated using the assumed 
increase in vehicle occupancy, allowing us to estimate VKT saved per day and 
total barrels of fuel saved. Since these figures were calculated for only a 
sample of urban areas, we prorated this to cover all urban areas for each 
region and then further prorated to include the entire region (i.e. non-urban 
areas) using normalisation factors reflected in Table 2-12. 

The basic formula for calculating this is: 

Fuel saved = (total VKT) x (current average occupancy) / (new average 
occupancy) x (litres/km) / (percentage metro population in sample) / 
(percentage urban population in region) 

Table 2-12 shows summary estimates for this case plus several other cases. As 
shown, our second estimate assumed that vehicle occupancy would only 
increase for motorway trips. This could be consistent with a policy of putting 
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Table 2-11 



Impacts of adding one person to every urban-area car trip 





Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Total 


(Initial) average vehicle occupancy 


1.50 


1.37 


1.40 


1.53 




Daily urban VKT (millions) from 
Millennium sample of cities 


529 


830 


1 964 


203 


3 526 


Daily PKT (millions) 


792 


1 137 


2 756 


310 


2 238 


Daily VKT when adding one person 
to every car trip (millions) 


318 


479 


1 148 


123 


2 068 


VKT saved per day (millions) 


211 


350 


817 


80 


1 458 


Pprrpntanp VKT rpdurtion 


39.9% 


42.2% 


41 .6% 


39.4% 


41.3% 


Litres saved per day (millions) 


24 


36 


114 


11 


185 


Barrels saved per day (thousands) 


148 


224 


715 


67 


1 154 


Barrels saved per day, prorated 
for all urban areas (thousands) 


289 


977 


2 560 


134 


3 960 


Barrels saved per day, prorated 
for entire region (thousands) 


363 


1 233 


3 320 


158 


5 073 


Percentage of fuel used for transport 
saved, entire region 


17.3% 


21.9% 


28.1% 


30.0% 


25.3% 


Percentage of total fuel consumption 
saved, entire region 


9.6% 


13.9% 


21.5% 


21.3% 


17.6% 



Notes: PKT: passenger-kilometres travelled; VKT: vehicle-kilometres travelled. 



car-pool lanes on motorways (or restricting them to car-pool use only). Data 
from OECD's International Road Traffic and Accident Database (IRTAD, 2004) 
were used to estimate the percentage of motorway mileage for each region. 
These data were not available for Canada or Australia/New Zealand, so 
percentage data from the United States were used as a proxy. European data 
also were not available for every country, so percentage figures are based on 
those countries with available data. Further details and intermediate 
calculations for this and the remaining car-pooling cases are shown in the 
appendix (Tables A-13 through A-16). 

The third case presented assumes that one additional passenger is taken on 
every commute trip. This again assumes that all those extra passengers 
previously drove alone. Estimates are based on total commute VKT (calculated 
from employment estimates as shown in Table 2-15 in the discussion on 
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Table 2-12 



Estimated car-pooling impacts under different circumstances 




Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Total 


Reductions in vehicle-kilometres of travel 
(as a percentage of total regional VKT) 


From adding one person to every car trip 


17.8% 


14.5% 


15.2% 


32.4% 


15.8% 


From adding one person 
to every commute trip 


12.3% 


8.0% 


14.0% 


12.7% 


12.5% 


From adding one person to every urban 
motorway trip 


1.6% 


3.3% 


3.7% 


7.8% 


3.4% 


From a 10% reduction in urban 
motorway VKT 


0.4% 


0.8% 


0.9% 


2.0% 


0.8% 


Thousand barrels saved per day, 
entire region 


From adding one person to every car trip 


363 


1 233 


3 320 


158 


5 073 


From adding one person to every 
commute trip 


250 


305 


1 603 


65 


2 223 


From adding one person to every 
motorway trip 


33 


277 


800 


38 


1 149 


From a 10% reduction in motorway VKT 


8 


66 


192 


10 


276 


Percentage of fuel used for transport saved, 
entire region 


From adding one person to every car trip 


17.3% 


21.9% 


28.1% 


30.0% 


25.3% 


From adding one person to every 
commute trip 


11.9% 


5.4% 


13.6% 


12.3% 


11.1% 


From adding one person to every 
motorway trip 


1.6% 


4.9% 


6.8% 


7.2% 


5.7% 


From a 10% reduction in motorway VKT 


0.4% 


1.2% 


1.6% 


1.8% 


1.4% 


Percentage of total petroleum fuel 
consumption saved, entire region 


From adding one person to every 
car trip 


9.6% 


13.9% 


21.5% 


21.3% 


17.6% 


From adding one person to every 
commute trip 


6.7% 


3.4% 


10.4% 


8.7% 


7.7% 


From adding one person to every 
motorway trip 


0.9% 


3.1% 


5.2% 


5.1% 


4.0% 


From a 10% reduction in motorway VKT 


0.2% 


0.7% 


1.3% 


1.3% 


1.0% 



VKT: vehicle-kilometres travelled. 
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telecommuting, below) and vehicle occupancy estimates for commute trips 
(which are lower than for all trips). No prorating of estimates is needed as 
these estimates are not based on the Millennium Database sample. Summary 
results are shown in Table 2-13. 

Table 2-13 



Consensus estimates of fuel savings from car-pooling 







Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ Total 
NZ 


Comprehensive 
policy of car-pool 
lanes, preferential 
parking and 


Barrels saved per day 
(thousands) 


125 


277 


800 


38 


1 240 


Percentage road transport 
fuel saved 


6.0% 


4.9% 


6.8% 


7.2% 


6.2% 


information systems Percentage total 
fuel saved 


3.3% 


3.1% 


5.2% 


5.1% 


4.3% 


Policy to provide 
information and link 
ride sharers 


Barrels saved per day 
(thousands) 


13 


41 


112 


6 


171 


Percentage road transport 
fuel saved 


0.6% 


0.7% 


1.0% 


1.1% 


0.9% 




Percentage total fuel 
saved 


0.3% 


0.5% 


0.7% 


0.8% 


0.6% 



Overall, these results show fairly large percentage reductions in fuel use, 
ranging from about 5% if all motorway trips have increased occupancy, up to 
about 22% if all trips do. If commute trips have increased occupancy, the 
estimated fuel savings is about 10%. 

To put these results in some perspective, we can also use previous simulated 
estimates on how converting a motorway lane to a car-pool lane may reduce 
vehicle travel. As previously discussed, McDonald and Noland (2001) used 
travel time coefficients from a variety of models to estimate these effects over 
a 5 mile (8 km) corridor (Table A-12 in the appendix). VKT was reduced from 
21.8 thousand to 19.6 thousand, or a 10% reduction in VKT on that corridor. 
With the estimation method described above, this works out to about a 40% 
reduction in VKT on motorways. This difference suggests that a lower-bound 
value from a car-pool lane policy might be based on a 10% reduction in 
motorway VKT. The impact on fuel savings is shown in Table 2-12 and is 
considerably lower than the maximum potential estimate. Since the 10% 
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reduction estimate is based purely on mode shifts due to travel time benefits 
during congested conditions, we would expect this to be a lower-bound 
estimate. Presumably, during emergency conditions, travellers would seek to 
car-pool to save both fuel and money, since we assume fuel prices would be 
higher; car-pooling would not occur just for travel time benefits. 

Consensus estimate of reduction from car-pooling policies 

The ability to increase car-pooling levels in an emergency is linked to the 
benefits that travellers see in choosing to car-pool and whether they are able 
to. For example, an extensive car-pool lane system will increase the travel time 
benefits of those choosing to car-pool as would priority parking measures. 
However, if large numbers of people car-pool, then traffic congestion would 
decrease, potentially encouraging more driving. These sorts of feedback 
effects may be less important during an emergency; when people will likely be 
more altruistic and will also respond because of fuel shortages and/or price 
increases. 

In the analysis described above, we have presented a large range of potential 
effects. Table 2-12 reflects this range for different situations. It includes a fairly 
exceptional case (one more passenger in every vehicle for every trip) that 
would reflect an exceptional (probably altruistic-driven) response. Even 
assuming one extra passenger in all commuter or motorway trips may be 
optimistic, except under extreme circumstances. 

The ability to increase car-pooling is clearly linked to both the circumstances 
(such as a normal situation versus an emergency) and the policies aimed at 
enabling increased usage. If a comprehensive set of policies were in place 
that, during an emergency, enable quickly invoking an extensive network of 
car-pool lanes, preferential parking facilities and good information systems for 
linking potential car-poolers, it seems reasonable that a high response rate 
could be achieved. If all major motorways were included in such a system, it 
seems reasonable that an average of one extra passenger per vehicle trip 
could be achieved, above what might happen without these policies. As 
shown in Table 2-13, this results in an average of a 4.3% reduction in fuel 
used for all IEA countries. However, the response rate for Japan and Korea is 
much lower than for other regions, due to the much lower rate of highway 
commuting. In this region, as a surrogate, half of all commute trips are 
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assumed to add one rider (and a slightly different type of policy envisioned, 
less focused on motorways). 

For a less ambitious policy effort, perhaps restricted to just providing 
information to encourage car-pooling and help potential car-poolers locate 
each other, our lower-bound impact estimate may be reasonable. This is the 
case shown in the lower part of Table 2-13, associated with a 10% reduction 
in motorway VKT 

Non-motorised travel and land use 



Policies to increase the level of non-motorised modes of travel, such as walking 
and bicycling, have been pursued by various countries, especially in Europe, over 
the last 20 years. Recent evidence from Germany suggests that integrated policy 
approaches to increase the share of these modes can be quite successful. For 
example, Pucher (1997) reported that urban areas in West Germany have seen a 
50% increase in the modal share of bicycle use between 1972 and 1995. He 
attributes this to a number of explicit policies undertaken to promote bicycle 
usage. These include building street infrastructure for bicycles (such as bike lanes) 
while making street networks more circuitous for cars. The latter is quite 
important, as a number of complementary policies have made it more difficult to 
use cars in urban areas, especially broad implementation of traffic-calming 
policies and parking-pricing policies. Many of these policies will also tend to 
increase pedestrian travel. 

Many of these policies take many years to implement and to construct the 
networks needed to increase non-motorised travel. It is generally recognised 
that a broad policy package, not just construction of non-motorised facilities, 
is also needed to increase the cost of car use. No numerical estimates on the 
effectiveness of these policies have been found and most would need to be 
examined in combination with other measures. However, those areas with 
facilities in place would likely be able to more readily reduce fuel usage under 
short-term supply constraints. 

Various land use characteristics such as the density of development, urban 
design and form, and the mix of uses have all been related to the propensity 
to travel by car. In particular, urban design can have a major influence on 
making areas more amenable for walking. 
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Those policies aimed at changing land development would obviously not have 
any short-run effects in emergency situations. However, understanding these 
effects can serve as a basis for understanding the flexibility of different 
countries and urban areas in their ability to respond to short-run fuel 
emergencies. We briefly summarise some of these issues and various estimates 
of the effectiveness of various changes in land use relationships. These 
estimates are largely drawn from a newly released Transit Cooperative 
Research Program report (TCRP, 2003). 

Areas with higher population density typically will have lower rates of vehicle 
travel. This is partly due to increased proximity of destinations, but also to the 
higher relative cost of travelling by car and the increased provision of other 
modes. Separating out these influences to determine a "pure" density effect, 
TCRP (2003) reports results from Ewing and Cervero (2002) who derived 
elasticities of vehicle trips and kilometres travelled with respect to changes in 
population and employment density of -0.05. Their claim is that this can be 
added to other built environment or urban design factors, though it is not 
clear how public transit availability feeds into this relationship. 

Measurement of land use mix (diversity of uses) tends to be more complicated 
than aggregate measures of density. Some of the variables described include 
measures of accessibility, entropy and dissimilarity of land uses. These require 
detailed spatial data to be fully characterised (TCRP, 2003). VMT elasticity 
estimates for each have been estimated at -0.3 for accessibility, -0.1 for 
entropy and -0.1 for dissimilarity. 

Another critical land use issue concerns detailed site design characteristics. 
This includes details surrounding the existence of pedestrian linkages, such as 
sidewalks and street-crossing opportunities; street widths and block size; 
protection of pedestrians from street traffic, including aesthetics of the 
walking environment; set-back of buildings from the street and location of 
parking facilities. Again, the policies and measures needed to implement 
these sorts of changes take time to implement and have impacts. However, 
areas with beneficial site design characteristics may quickly show larger 
amounts of pedestrian activity, although estimating and generalising about 
total effects is difficult. 
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Street and town centre closures 

One possible policy measure, normally aimed at increasing walking activity 
and that can be implemented relatively quickly, is the closure of some streets 
to motorised traffic. This is especially effective in the urban core areas of cities. 
The immediate impact is likely to be some reduction in vehicle travel, as 
documented by Cairns etal. (1998). 

Closures of some urban centre roads have generally been implemented 
as part of pedestrianisation schemes, particularly in Europe. 
Implementation of many of these schemes was initially quite 
controversial, in that many feared that traffic congestion would increase 
significantly. What has been found, in many cases, is that some 
proportion of the traffic "disappears", that is, the demand is suppressed 
by the reduction in road capacity, with an increase in walking and 
cycling. This is essentially the opposite of what is commonly known as 
"induced demand", whereby the addition of road capacity can spur 
increases in motorised traffic (Noland and Lem, 2002). 

Cairns et al. (1998) evaluated nearly 100 case studies of various 
reductions in road capacity, including street closures, to determine the 
impact on travel. They found that for most schemes there was a 
measurable reduction in traffic in the local area. They strongly caveat 
this result in that the actual effects are highly dependent upon the 
specific context and conditions within the local area. For example, this 
includes the availability of public transit, the type of parking controls in 
place, existing levels of traffic congestion and the overall walkability of 
surrounding areas. Another issue is one of measuring the effects. It is 
unknown how much of the "disappearing" traffic may actually be going 
to other roads or town centres where there are no restrictions, perhaps 
leading to a net increase in total traffic. 

Despite these caveats, Cairns et al. conclude that, on balance, there is a 
net reduction in total traffic. However, estimating these effects would 
require detailed information on the local area. Their overall estimate is a 
25% reduction in traffic relative to the original traffic on the affected 
streets. Thus, information on vehicle travel on those streets prior to the 
closures would be needed. Rough estimates can be based on current 
urban VKT. 
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Estimates of fuel savings from street closures 

A very rough procedure was used to estimate the potential fuel savings from 
street closures in urban areas. This was to take the total vehicle-kilometres 
travelled for each urbanised area and the total kilometres of road in each 
urbanised area. Making the assumption that VKT per road length would be 
uniform throughout an urban area, a simple ratio of these values was used to 
estimate total VKT per km of road. This is clearly a very general assumption, 
as there will be tremendous variation in the utilisation of road space 
throughout an urban area. However, most congested areas will tend to have 
a greater than average level of road utilisation, so this assumption should 
result in a conservative estimate of the fuel savings effect. This ratio is then 
simply applied to determine a corresponding reduction in VKT as follows: 

Fuel savings = % reduction in road length x (VKT/road length) x 
(litres/km) x (estimate of disappearing traffic) 

To estimate results, a sampling of cities was taken from the Millennium 
Database. Normalisation to regional totals was applied as previously 
discussed. For this measure, 2% of urban road space is assumed to be closed, 
with a resulting 25% reduction in traffic from that road space [i.e. 75% of the 

Table 2-14 



Estimated impacts of closure of 2% of urban road space 



Regional averages Japan/ 

RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Total 


Percentage VKT reduction 
for sampled cities 


0.5% 


0.5% 


0.5% 


0.5% 




Daily VKT reduction for sampled 
cities (millions) 


2.6 


4.1 


9.8 


1.0 


17.6 


Percentage of total metro-area population 


51% 


23% 


28% 


50% 




VKT reduction prorated to all 
urban areas (millions) 


5.2 


18.0 


35.2 


2.0 


60.4 


Litres saved per day (millions) 


0.6 


1.8 


4.9 


0.3 


7.5 


Barrels saved per day (thousands) 


3.6 


11.4 


30.8 


1.7 


47.5 


Percentage of fuel used for transport saved, 
entire region 


0.2% 


0.2% 


0.3% 


0.3% 




Percentage of total fuel consumption saved, 
entire region 


0.1% 


0.1% 


0.2% 


0.2% 
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traffic shifts to nearby roads). Our results suggest that this type of policy will 
only play a minor role in reducing regional road transport fuel consumption, 
around 0.2%, as shown in Table 2-14. If we assume effects are proportional 
to scale, 10% of urban area streets would need to be closed to yield a 1% 
reduction in regional road transport fuel use. 

Thus, while these types of policies might be effective on a local scale, they are 
unlikely to show much impact unless implemented on a very large scale. Their 
effectiveness may also be enhanced when done in combination with other 
policies, such as increasing public transit service. 

Work-trip reduction policies 



Several policy options are focused on reducing the number of commute trips 
needed for individuals to engage in work activities. This includes policies to 
encourage more home-based work (also known as telework or telecommuting) 
and flexible work schedules. These types of policies generally can be 
implemented by employers. Various government policies can be used to 
encourage employers to adopt these types of policies. 

One of the arguments sometimes used against increased home-based work or 
flexible work schedules is concern about management of employees. Also, 
employers may often feel the need to have all employees at the office at 
certain times, so that communication and worker interactions can be 
facilitated. While some of these concerns may be important for long-term 
changes to work habits, under emergency conditions, we expect these 
concerns could be temporarily set aside for many more employers. 

Telecommuting or working at home 

Telecommuting can be strictly defined as working at home but maintaining 
office contact via telecommunications. This contact can be either through the 
phone or computer. Essentially, this term is used for home-based office work. 

Though many studies of telecommuting have been conducted, the net impacts 
of telecommuting on fuel consumption are still uncertain and difficult to 
estimate. This is due to uncertainty and variation in how telecommuters 
behave. For example, while they may avoid peak travel during congested 
conditions, it is unknown how much additional travel they may make from 
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home during the day (such as shopping trips) which they would not have 
otherwise made. Long-term telecommuters may subsequently tend to relocate 
to live further from their workplace than non-telecommuters. Induced travel 
effects may also reduce the benefits of removing telecommuters from peak 
traffic flows (US DOE, 1994). However, from a short-term perspective under 
fuel shortage conditions, telecommuting can offer some fraction of the 
workforce the opportunity to continue to engage in economic activity without 
travelling to work. Thorpe et al. (2002) reported a significant rise in 
telecommuting during the British fuel emergency, although the absolute 
numbers were small. 

To estimate these effects we need to broadly understand which segments of 
the workforce can potentially telecommute and what their average commute 
trip currently is. The United States Department of Energy (US DOE, 1994) 
reports projections of between 7.5 and 15 million telecommuters by 2002, 
representing some 5.2-10.4% of the workforce. About half of these would 
commute to local centres which provide facilities for telecommuters, so their 
work-trip vehicle travel would not be completely eliminated. Average round- 
trip commute length was estimated at 21.4 miles (34.5 kilometres) with 
commutes to telecommuting centres being a round trip of 9 miles, resulting in 
about 12.4 miles of reduction in their commute trip. Estimated total VKT 
reductions and the number of telecommuters are shown in Table 2-15. 

While estimates of the number of telecommuters vary, US Department of Labor 
statistics released in 1999 suggest that approximately 12% of the workforce 
telecommuted occasionally. Some regions of the country, such as Washington, 
D.C., have higher telecommuting participation. The Washington, D.C. region 
"State of the Commute Survey" conducted in 2001 showed that 15% of 
commuters telecommuted either regularly or occasionally and another 18% of 
commuters said their job responsibilities would allow them to telecommute and 
they would do so if their employer permitted it. (WMCC, 2002). 

Evidence suggests, however, that some extra travel on telecommute days will 
occur. For example, the Telework America 2000 (ITAC, 2000) survey found 
that about 25% of the reduction in commute vehicle travel was offset by 
increased travel for errands on telework days 3 . 



3. Telework America 2000 found an average of 4.5 to 5.0 extra miles travelled on teleworking days for 
errands. This compares to an average commute distance for teleworkers of 19.7 miles. 
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Table 2-15 



Projections of telecommuters and telecommuting miles 



Telecommuters 


Actual 1988 


Projected 2005 


Projected 2010 


Information workers as % of all workers 


54.8 


60.0 


61.1 


Telecommuters as % of information workers 


1.3 


27.8 


44.9 


Telecommuters as % of all workers 


0.7 


16.7 


27.4 


Total number of telecommuters (millions) 


0.5 


17.7 


29.1 


Vehicle-kilometres avoided by telecommuting 
(billion) 


1.8 


66.3 


108.7 


Source: US DOE (1994). 



Short-term fuel consumption savings could be estimated using information on 
telecommutable jobs in the economy. Average work travel distances would 
also need to be known and average fuel consumption per mile. 

Specific policies can be pursued to promote telecommuting, especially under 
emergency conditions. Persuading employers that telecommuting would not be 
harmful may be necessary. This can be done by educating employers about the 
potential costs and benefits. One possible policy mechanism is to sign up large 
employers to a telecommuting programme that would be implemented under 
emergency conditions. Employers would agree to have certain employees 
telecommute at least part of the time during any fuel shortage emergency. 

Some infrastructure might be needed to allow employees to work at home. At 
a minimum, some employees may simply need a home computer, although 
many of those who would have jobs conducive to telecommuting may already 
have home computers. Internet access may also be needed and employers 
may want to pay for broadband access, if needed. Again, most employees with 
telecommutable jobs may already have modem-based Internet access, which 
might be suitable for the majority of work needs. 

Telecommuting analysis 

Estimates were made of the maximum possible savings in fuel consumption 
due to telecommuting. These estimates were made for the four IEA regions 
using country-specific data, with various averages assumed for countries and 
regions lacking data. 
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The basic method was to first estimate the fraction of total jobs that could 
potentially be "telecommutable" or where work could be done at home. Not 
all jobs that can be done at home require information or communications 
technology and an attempt was made to classify jobs accordingly. 

The key variables to consider are: 

E = Total employment 

TE = Total number of employees who could feasibly telecommute or 
work at home for a short period of time (who are not doing so 
already) 

L = Average commute trip length, one-way (km) 

C = Modal share of commute trips currently done by car (%) 

R = Average car occupancy rate 

F = Average fuel intensity of vehicle fleet (litres/ 100 km) 
This leads to a simple equation for estimating the maximum potential level of 
telecommuting: 

TE • L • 2 • Cvf 

Maximum telecommuting fuel savings = R • ]00 (litres) 

Data on total employment by job title were available for the United States. 
While these data might also be available for other countries, we were not able 
to locate them at this time. Therefore, maximum estimates of telecommutable 
jobs are based on United States data. Other estimates of telecommuting are 
often based on the fraction of service sector jobs. While many of these are not 
necessarily telecommutable, most of the IEA countries have between 60% 
and 70% of jobs in this sector, which is comparable to the estimates derived 
below. 

A dataset was obtained from the US Bureau of Labor Statistics listing over 
25 000 job titles by industry category and total employment for each. This list 
was examined to eliminate job categories that could not be engaged in at 
home. The resulting estimate was that 58% of all employees could potentially 
telecommute or work at home at least some of the time. This served as the 
basis for our maximum percentage telecommuting estimate for all the 
countries and regions analysed. Interestingly, this figure is comparable to the 
estimates of nearly 60% of the economy being "information" workers, as 
shown in Table 2-15. 

Average data for length of commute trips and modal split for each region 
were based upon data from the Millennium cities (Table A-7 in the appendix). 
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While these estimates exclude rural populations, we expect that the vast 
majority of employees within the job categories selected would work in urban 
areas. Mode splits are also based upon urban area averages and most likely 
higher car usage rates would occur in rural areas. Average vehicle occupancy 
rates are relatively low for commute trips. Estimates of current telecommuting 
among those employees able to telecommute were based on the assumption 
that they telecommute twice a week and that 28% of potential 
telecommuters already do so. Other assumptions are listed in Table 2-16 along 
with estimated maximum reduction in vehicle-kilometres travelled (VKT) for 
each region. 

The resulting estimates (in Table 2-17) show a maximum potential fuel savings 
of 1.8 million barrels of gasoline per day for those countries analysed. This 
total is based on the assumption that total telecommuting take-up is 100% 
in the event of a fuel supply emergency. More realistically, some fraction of 
this total would telecommute. United States estimates are that between 28% 
and 45% of information technology workers would engage in telecommuting. 

Table 2-16 



Input values and estimation of maximum VKT savings 
from telecommuting 





Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Average commute length (km) 


14 


9 


17 


13 


Percent private car trips 


42% 


49% 


86% 


79% 


Total employed (millions) 


85.0 


133.0 


144.6 


8.4 


Estimated share of employed who could 
telecommute 


58% 


58% 


58% 


58% 


Potential telecommuting employees (millions) 


49.5 


77.4 


84.3 


4.9 


Average commute trip vehicle occupancy 


1.25 


1.15 


1.10 


1.10 


Total commute (million VKT/day) 


804 


1 025 


3 846 


162 


Maximum potential savings (million VKT/day) 


469 


598 


2 242 


95 


Estimated current savings from telecommuting 
(million VKT/day) 


52 


66 


249 


10 


Estimated additional maximum savings 
(thousand VKT/day) 


417 


531 


1 992 


84 
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Table 2-17 



Potential fuel savings from telecommuting 


Japan/ 
RK 


IEA 
Europe 


US/ Australia/ 
Canada NZ 


Total 


Thousand barrels saved per day 


Telecommute every day 


Maximum potential fuel savings 
(all regions), 100% take-up 


219 


255 


1 308 


53 


1 835 


Low estimate, 25% up-take 


55 


64 


327 


13 


459 


High estimate, 50% up-take 


109 


127 


654 


26 


916 


Telecommute only twice per week 


Maximum potential fuel savings 
(all regions), 100% take-up 


88 


102 


523 


21 


734 


Low estimate, 25% up-take 


22 


25 


131 


5 


183 


High estimate, 50% up-take 


44 


51 


262 


11 


368 


Percentage of road transport fuel saved 


Telecommute every day 


Maximum potential fuel savings (all regions), 
100% take-up 


10.4% 


4.5% 


11.1% 


10.0% 


9.1% 


Low estimate, 25% up-take 


2.6% 


1.1% 


2.8% 


2.5% 


2.3% 


High estimate, 50% up-take 


5.2% 


2.3% 


5.5% 


5.0% 


4.6% 


Telecommute only twice per week 


Maximum potential fuel savings (all regions), 
100% take-up 


4.2% 


1.8% 


4.4% 


4.0% 


3.7% 


Low estimate, 25% up-take 


1.0% 


0.5% 


1.1% 


1.0% 


0.9% 


High estimate, 50% up-take 


2.1% 


0.9% 


2.2% 


2.0% 


1.8% 


Percentage of total fuel saved 


Telecommute every day 


Maximum potential fuel savings (all regions), 
100% take-up 


5.8% 


2.9% 


8.5% 


7.1% 


6.4% 


Low estimate, 25% up-take 


1.5% 


0.7% 


2.1% 


1.8% 


1.6% 


High estimate, 50% up-take 


2.9% 


1.4% 


4.2% 


3.6% 


3.2% 


Telecommute only twice per week 


Maximum potential fuel savings (all regions), 
100% take-up 


2.3% 


1.2% 


3.4% 


2.9% 


2.6% 


Low estimate, 25% up-take 


0.6% 


0.3% 


0.9% 


0.7% 


0.6% 


High estimate, 50% up-take 


1.2% 


0.6% 


1.7% 


1.4% 


1.3% 



Note: includes 25% increase in non-work driving. 
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If we therefore assume that, on average, between one-fourth and one-half of 
all potential telecommuters do so under emergency conditions, then the total 
savings would be between about 630 to 1 260 thousand barrels per day (not 
shown in the table). Another potential factor is that some telecommuters may 
increase non-work trips. Under normal circumstances, regular telecommuters 
in the United States have been estimated to offset their telecommuting miles 
by about 25% with other new trips. While this effect may be smaller under 
emergency conditions, we use this rough figure to get an estimated net 
reduction of about 450 to 900 thousand barrels per day for five-days per week 
telecommuting. For a case where people telecommute on average only 2 days 
per week, an estimated reduction of 190 to 380 thousand barrels per day 
results. Potential fuel savings range from about 1% to 6% of total fuel use 
across the IEA and up to 9% in some regions. 

Consensus estimate of reduction from telecommuting policies 

The analysis above shows a range in the effectiveness of telecommuting for 
reducing fuel consumption. The actual impact would likely be related to the 
type of policies put in place prior to any emergency, affecting how easily 
employees can work from home. Policies could include making sure that all 
employees (who need them) have both a computer and a broadband 
connection to the Internet. Probably more critical is to obtain the commitment 
of employers so that they allow their employees to work from home at least 
several days a week, during an emergency. Since many workers may not be 
able to purchase fuel under emergency conditions, some initiative from 
employers seems likely. 

In our consensus estimate, we assume that all employees who can 
telecommute do so twice a week. This would represent an average value, as 
some might telecommute every day, while others might not telecommute at 
all. (Those who already telecommute some of the time, excluded in our 
estimates, might also increase their telecommuting frequency.) Though under 
emergency conditions it is less likely that large increases in non-work travel 
would offset these reductions, we assume an average 25% increase in non- 
work driving. The consensus estimate (based on the above analysis) is 
presented in Table 2-18 and assumes that employers are supportive of 
telecommuting and that they have provided resources to their employees 
(computer and Internet connection) to make it possible. Clearly, many 
employees may already have a computer and so the costs of implementation 
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Table 2-18 



Consensus estimate of effect of telecommuting measure 





Japan/ 


IEA 


US/ 


Australia/ 


Total 




RK 


Europe 


Canada 


NZ 




Thousand barrels saved per day 


88 


102 


523 


21 


734 


Road transport fuel saved (%) 


4.2 


1.8 


4.4 


4.0 


3.7 


Total fuel saved (%) 


2.3 


1.2 


3.4 


2.9 


2.6 



would range from zero to whatever investment level employers feel they need 
to make to facilitate telecommuting. This is discussed further in the 
cost/benefit analysis in Chapter 3. 

Flexible/compressed work schedules 

Flexible and compressed schedules, sometimes described collectively as 
"alternative work schedules", allow employees to work a full-time work 
schedule in arrangements other than the conventional five days per week, 
7-8 hours per workday. Compressed schedules allow employees to work fewer 
days per week but longer days. In the United States, typical compressed work 
schedules are a 4/40 work week (working four 10-hour days per week with 
one weekday off every week), a 9/80 work week (working eight 9-hour days, 
one 8-hour day every two weeks, with a day off every other week), and a 
3/36 work week (working three 12-hour days per week with two weekdays off 
each week). In countries like France, with fewer working hours per week, a 
4/35 system where employees work three 9-hour days and one 8-hour day 
may be possible. 

Flexible schedules do not change the length of the average workday, but allow 
employees to choose their start and end times, usually around a set of "core 
hours," during which time all employees are working. For example, if the core 
hours are from 10 a.m. to 3 p.m. and the workday is 8 hours long, one 
employee could choose to work 7 a.m. to 3 p.m., while another works 10 a.m. 
to 6 p.m. Programme efforts to encourage flexible or compressed schedules 
include providing information, technical assistance and financial incentives to 
employers to help them adopt and manage a programme. 

According to the Southern California Association of Governments State of the 
Commute Report (SCAC, 1999), 32% of surveyed commuters said their 
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employers offer some form of compressed schedule and about 16% of these 
employees participate, representing about 5.4% of the total regional 
population. Of these schedules, the 4/40 work week is most popular; 18% 
said their employer offers a 4/40 work week, and of these 12% participate. 
Nine percent reported that their employer offers a 9/80 work week, and of 
these 29% participate. Five percent of area commuters said their employer 
offers a 3/36 workweek, and of these 12% participate. 

The theory behind flexible schedules is that some employees who want earlier 
or later work schedules will shift their commuting time to off-peak hours, 
thereby freeing peak-period road capacity. In general, they have not been 
shown to reduce trips in substantial numbers. Thus, there is no vehicle travel 
reduction benefit and the fuel reduction benefit is limited to possible savings 
from reduced congestion. However, they can spread demand for public transit 
over a longer peak, thus allowing public transit to operate more effectively 
during emergency conditions. 

Compressed work schedules result in the elimination of some work trips 
altogether and shift remaining trips to earlier or later travel times. For this 
reason, compressed schedules are more useful than are flexible schedules for 
meeting fuel consumption reduction goals. Some research, however, indicates 
that the actual trip and VKT reductions from compressed work weeks might 
be more modest than these calculations would suggest, because some 
participants make additional trips during their non-workdays (Ciuliano, 1995). 

During emergency conditions, this type of policy could be relatively easy to 
implement and employer co-operation would likely be greater. Some 
commuters, however, may have inflexible schedules dictated by other activity 
commitments (e.g. child-tending) making it difficult for them to alter their 
schedules quickly. Data on the type of jobs and demographic sectors that are 
most amenable to flexible schedules would allow rough estimates of the fuel 
savings to be calculated from the amount of uptake by individuals (employers 
could perhaps make it compulsory, although probably most countries would 
need legislative changes to make this legal under emergency conditions). 

Compressed work week analysis 

The potential of compressed work weeks is analysed in terms of their fuel saving 
potential. Work weeks of 4/40 and 9/80 are analysed, which correspond to a 
20% and 10% drop in VKT of the employee, respectively. We assume that no new 
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Table 2-19 



Results for compressed work week measure: 4 days/40 hours 




Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ Total 
NZ 


Fuel savings (thousand barrels per day) 


All employees 


105.4 


122.6 


629.5 


25.5 


883.0 


32% uptake 


33.7 


39.2 


201.4 


8.2 


282.5 


Telecommutable job uptake 


61.4 


71.5 


366.9 


14.8 


514.7 


Road transport fuel reduced (%) 


All employees 


5.0 


2.2 


5.3 


4.8 


4.4 


32% uptake 


1.6 


0.7 


1.7 


1.5 


1.4 


Telecommutable job uptake 


2.9 


1.3 


3.1 


2.8 


2.6 


Total petroleum fuel reduced (%) 


All employees 


2.8 


1.4 


4.1 


3.4 


3.1 


32% uptake 


0.9 


0.4 


1.3 


1.1 


1.0 



Telecommutable job uptake 1.6 0.8 2.4 2.0 1.8 



Table 2-20 



Results for compressed work week measure: 9 days/80 hours 




Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ Total 
NZ 


Fuel savings (thousand barrels per day) 


All employees 


65.0 


75.3 


388.7 


15.8 


544.9 


32% uptake 


20.8 


24.1 


124.4 


5.1 


174.4 


Telecommutable job uptake 


37.9 


43.9 


226.6 


9.2 


317.6 


Road transport fuel reduced (%) 


All employees 


3.1 


1.3 


3.3 


3.0 


2.7 


32% uptake 


1.0 


0.4 


1.1 


1.0 


0.9 


Telecommutable job uptake 


1.8 


0.8 


1.9 


1.8 


1.6 


Total petroleum fuel reduced (%) 


All employees 


1.7 


0.9 


2.5 


2.1 


1.9 


32% uptake 


0.6 


0.3 


0.8 


0.7 


0.6 


Telecommutable job uptake 


1.0 


0.5 


1.5 


1.2 


1.1 
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trips are generated during the days one does not work, which seems a 
reasonable assumption during emergency conditions and since the total 
number of commute trips drops by a small amount. Our starting point for VKT 
is based on calculations from input values shown in Table 2-16 for the 
telecommuting analysis. We also assume that those currently telecommuting 
continue to do so and this VKT is subtracted from the total commute VKT. 

Three possible scenarios are considered. One is that all employees 
participate in a compressed work week schedule. This provides an 
upper-bound estimate on the potential fuel savings from this sort of 
policy. The second assumes a 32% participation rate amongst 
employees, based on results reported above for Los Angeles (SCAG 
survey). The last calculation assumes that those jobs that are 
"telecommutable" as defined above are those that can easily engage in 
a compressed work week (this is about 58% of total employment). 

Results are shown in Tables 2-19 and 2-20. The maximum potential 
petroleum fuel savings across the IEA is about 3% for the 4/40 compressed 
work week and about 2% for the 9/80 compressed work week. Other 
estimates are proportional to the participation rate, with about a 1% total 
fuel savings if only 32% of employees participate in a 4/40 programme. 

Consensus estimate of reduction from compressed work week policies 

The analysis above has shown several possible scenarios for compressed 
work week policies. It is unlikely that all employees would have 
schedules that make this possible even if all employers allowed it. The 
32% uptake measured by some studies serves as a lower-bound 
estimate of all employers offering a compressed work week option. For 
an aggressive programme, a more reasonable assumption is that the 
type of jobs that are telecommutable (about 60%) would be a best 
estimate. We use this in our consensus estimate summarised below, 
assuming that a 4/40 policy is adopted. The key policy needed here is 
a requirement that employers allow their employees to work compressed 
schedules during a fuel emergency. Results are shown in Table 2-21. 

Regulatory approaches to traffic reduction 

Several regulatory approaches that expressly forbid traffic from certain 
areas or times of day are another potential policy mechanism for saving 
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Table 2-21 



Consensus estimates for 4/40 compressed work week measure 


Japan/ 


IEA US/ 


Australia/ Total 


RK 


Europe Canada 


NZ 


Fuel savings (thousand barrels per day) 61 


71 367 


15 515 


Road transport fuel saved (%) 2.9 


1.3 3.1 


2.8 2.6 


Total fuel saved (%) 1.6 


0.8 2.4 


2.0 1.8 



fuel. These types of policies range from closing specific streets or town centres 
to traffic (as already discussed above), to mandated "car-free" days that forbid 
anyone (usually with some exceptions) from driving. The latter are often 
implemented as "odd/even" driving bans, such that those with licence plates 
ending with either an odd or even digit are banned on alternating days, or 
some variant thereof. Weekend driving restrictions are also often discussed. 
Experience with these approaches and rough estimates of their effectiveness 
are discussed. 

Driving bans 

Odd/even day driving bans were first discussed as a potential policy measure 
during the oil crises of the 1970s. While not used in many countries to restrict 
driving, they were instead used as a means to regulate queues at gasoline 
stations. This was done by selling gasoline to only those vehicles with their 
licence plate ending in an even or odd number on corresponding days of the 
month. While this did help reduce queueing and excess fuel consumption from 
idling while in the queue, it is unlikely to have had more than a very small 
effect on total driving and fuel consumption, since only queueing and not 
driving were banned. 

Odd/even day driving bans have more typically been implemented as a 
means of reducing central city air pollution. Athens and Mexico City are the 
two cases most frequently discussed. While this policy is seen as generally 
effective over short time periods, eventually people tend to find ways of 
evading the intent of the policy. This is done primarily by acquiring or 
otherwise gaining access to a second vehicle with a complementary licence 
plate number. The policy also encourages people not to dispose of older 
vehicles in order to keep two vehicles available to the household, which is 
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particularly counter-productive from an air pollution perspective (as older 
vehicles would tend to pollute much more than newer ones). 

A good example of a short-term (one-day) implementation of driving bans was 
during the Paris air pollution emergency of 1997. Estimates are that total traffic 
and fuel use were reduced by about 30%. Air quality improved dramatically 
(although it is unclear how much this was due to meteorological conditions or the 
driving ban) and the ban was discontinued on the following day. 

These types of policies are likely to be effective (and more politically 
acceptable) in emergency conditions when people are aware of the need to 
take strong actions. Their effectiveness will also depend upon the availability 
of other travel options (such as public transit or car-pooling opportunities) 
since if people do not have other options, they are more likely to drive despite 
the ban. Thus any evaluation of the potential fuel savings needs to consider 
these elements. In addition, the prevalence of households with more than one 
vehicle will also have an impact on both the feasibility and effectiveness of 
these policies. For example, with increasingly large segments of the 
population having two or more vehicles in the household, odd/even day 
driving bans may become much less effective than they were 10 or 20 years 
ago. This will also depend on where people live and work, and the feasibility 
of sharing rides to work. Some shared rides may also be longer if trips are 
made to drop someone off at a destination. 

A rough assessment of these effects can be estimated with information on 
public transit availability, household car ownership rates and employment 
rates of households. Any estimate of these effects is likely to be based on 
rough assumptions, as there is little knowledge of the potential behavioural 
effects that may take place over time. In the extreme case of Mexico City and 
Athens, long-term implementation of the policy has been completely 
ineffective. On the other hand, the short-term (one-day) implementation in 
Paris appears to have been highly effective. Whether this would persist over a 
period of several weeks to a few months is unknown. Careful enforcement may 
be especially important over longer periods. 

Estimates for various driving bans in Germany are shown above in Table 2-2. 
These are based on assumptions about how driving behaviour would be 
affected and therefore may not represent actual behavioural reactions. Some 
additional assumptions used in the German study are shown in Table 2-22. 
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Table 2-22 



Assumptions used in DIW study for Germany 


Leisure VKT Education VKT WorkVKT Business VKT 


General ban on Sunday 
driving 


90% reduction 95% reduction, 10% reduction, 5% reduction 
5% shift 40% shift 


Alternate ban on Sunday 
driving (every other week) 


65% reduction 95% reduction, 10% reduction, 5% reduction 
5% shift 40% shift 


Saturday VKT Sunday VKT 


General ban on weekend driving 


70% reduction 85% reduction 


Alternate ban on weekend driving 
(every other week) 


50% reduction 65% reduction 



Source: DIW (1996). 



These show percentage reductions in vehicle-kilometres travelled (VKT) for 
various trip purposes and overall totals for weekend days. This study also 
assumed that a small fraction of VKT will be shifted to other days for some 
types of trips. 

Some of the VKT reductions assumed in the DIW study may be low, if many 
people are creative about alternative approaches to their activities (such as 
car-pooling, shifting days of the week, etc.). It is likely that this type of policy 
would result in better trip planning, such as increased trip chaining to engage 
in more activities on a given day. However, current knowledge is insufficient 
to reasonably estimate these effects. 

A more effective policy than weekend driving bans would be an "odd/even" 
or one-day-a-week ban tied to licence plate numbers. One method of 
estimating these effects would be to consider the distribution of the number 
of vehicles owned by each household. This would enable one to estimate the 
likelihood that no car is available to the household on a given day. The more 
vehicles available to the household, the less likely that this sort of policy will 
affect non-work trips and VKT for those trips. We would expect some small 
reduction in VKT, as households would then tend to pool their non-work 
activities. Perversely, this sort of policy would require the household to 
perhaps use a less fuel-efficient vehicle for these types of trips, if the more 
efficient vehicle is banned on that day. 
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The impact on work trips will depend on many factors. First, if alternative 
opportunities are available (such as public transit, car-pooling or even 
telecommuting), then this could be quite effective. If these modes are not 
available, then households with more than one car may actually increase their 
work-related VKT as more circuitous trips may be made to drop off and pick 
up one of the workers. 

Analysis of driving bans 

Given these complexities, we estimate some rough scenarios on the 
potential fuel saving effects of odd/even day driving bans. Our simplest 
estimate examines the impact of an odd/even day driving ban with the 
assumption that 50% less VKT will be generated. This leads to a 50% 
reduction in fuel consumption, which is very unlikely to occur, but could 
potentially indicate the maximum potential for this type of policy. An 
alternative driving ban of one day in ten (based, for example, on when the 
last digit of the vehicle licence plate matches the last digit of the day of 
the month) would give a maximum reduction of 10% (neglecting the 
details of months with only 30 days or less). 

A more realistic estimate considers the structure of household vehicle ownership. 
The more vehicles that a household owns, the less likely it is that this sort of policy 
will have a major impact on a given household. For example, a two-vehicle 
household has a 50% probability that one vehicle cannot be used on a given day. 
This leads to a 25% probability that the household will not have a vehicle available 
every other day. A three-vehicle household would only have a 12.5% chance of all 
vehicles having odd or even licence plates and thus not having a vehicle available. 

This is calculated simply as, 

p =B n 

Where P is the probability of a vehicle being available to the household, B is 
the percentage of vehicles banned on a given day (e.g. B = 0.5 for a 50% ban) 
and n is the number of vehicles owned by a given household. 

In our estimates we assume that all trips previously taken are made if vehicles 
are available. We assume no increase in driving from delivering people who do 
not have a car. But we also assume no shift in mode for those individuals in a 
household who may not have a car on a given day. These values are based on 
the distribution of the number of vehicles by household. Data for this were 
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found for the United Kingdom for 2001 and the San Francisco Bay area for 
1990. We use the distribution for the suburban areas of San Francisco to be 
representative of North America and the UK distribution for IEA Europe, 
Japan/RK and Australia/NZ. Interestingly, the United Kingdom distribution is 
very similar to that for the City of San Francisco, which is relatively less 
dependent on cars than most North American cities. The distributions are shown 
in Table 2-23, including an adjustment that excludes zero-vehicle households. As 
can be seen, the offset to the maximum potential is largest for North America, 
where the number of vehicles per household is generally larger than in other 
regions. 

Table 2-23 



Distribution of vehicle ownership by household 





City of 
San 
Francisco 
(1990) 


Bay area 
excluding City 
of San 
Francisco 
(1990) 


Distribution 

without 
zero-vehicle 
households 


UK data 
(2001) 


Distribution 

without 
zero-vehicle 
households 


Zero vehicle 


30.7% 


7.4% 




27.0% 




One vehicle 


41.6% 


32.5% 


34.5% 


44.0% 


60.3% 


Two vehicles 


21.1% 


3.9% 


41.4% 


23.0% 


31.5% 


Three or more vehicles 


6.6% 


22.6% 


24.1% 


6.0% 


8.2% 



A further adjustment is made that assumes that all VKT associated with 
work trips are still made. This could represent people being driven to work 
or dropped off en route to another destination. The simple estimate 
assumes that work-trip VKT is not reduced. Our assumption takes into 
consideration that while some trips may be shifted to other modes, other 
trips may actually be increased, such as a circuitous trip to drop someone 
off at work. 

The calculated offset to our maximum estimate is shown in Table 2-24 for 
odd/even day bans and Table 2-25 for one-day-in-ten bans. As can be seen, 
the total offset is greatest for North America, which has the largest average 
vehicle ownership per household. 

Total fuel savings, incorporating each of the assumptions, are shown in 
Tables 2-26 and 2-27 for each of the driving ban policies. These results clearly 
show that the maximum potential of this type of policy is unlikely to be 
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Table 2-24 



Estimate of VKT reduction and offsets with odd/even day ban 

(billion VKT and percentages) 




Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


50% reduction applied to all VKT 


1.5 


4.2 


6.6 


0.3 


Adjust for vehicle ownership 


1.1 


3.3 


4.0 


0.2 


Assume all commute VKT still made 


0.7 


2.7 


2.1 


0.2 


Offset to maximum savings 


21.9% 


21.9% 


38.8% 


21.9% 


Offset with all commute VKT still made 


49.5% 


34.2% 


68.1% 


48.6% 


Table 2-25 


Estimate of VKT reduction and offsets with one-in-ten-day driving ban 

(billion VKT and percentages) 




Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


10% reduction applied to all VKT 


0.29 


0.83 


1.31 


0.06 


Adjust for vehicle ownership 


0.19 


0.53 


0.51 


0.04 


Assume all commute VKT still made 


0.10 


0.43 


0.13 


0.02 


Offset to maximum savings 


36.5% 


36.5% 


61.1% 


36.5% 


Offset with all commute VKT still made 


64.1% 


48.8% 


90.4% 


63.2% 



achieved. For the odd/even day driving ban, total fuel savings are about 34% 
when adjustments for household vehicle ownership are made and are about 
14% when it is also assumed that all commute VKT are still made. These 
figures drop to 7% and 2% fuel savings for a one-day-in-ten driving ban. 

Consensus estimate of reduction from driving ban policies 

Driving ban policies are potentially quite effective in reducing fuel 
consumption, even given the offsetting adjustments shown in the calculations 
above. In assessing the most likely effectiveness of these types of policies, we 
believe that considering the offsets is critical even when travellers are 
responding to price increases and calls for altruism. Therefore, our best 
estimate assumes that all commute VKT will still be made. While the actual 
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Table 2-26 



Estimate of fuel savings for odd/even day driving ban 




Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Total 


Million litres saved/day 


50% VKT reduction applied to all VKT 


162 


437 


913 


41 


1 553 


Adjust for vehicle ownership 


127 


341 


559 


32 


1 059 


Assume all commute VKT still made 


82 


317 


233 


17 


649 


Thousand barrels saved/day 


50% VKT reduction applied to all VKT 


1 021 


2 749 


5 741 


255 


9 766 


Adjust for vehicle ownership 


797 


2 146 


3 516 


199 


6 659 


Assume all commute VKT still made 


516 


1 992 


1 467 


109 


4 083 


Road transport fuel saved (%) 


50% VKT reduction applied to all VKT 


48.6% 


48.7% 


48.6% 


48.3% 


49.1% 


Adjust for vehicle ownership 


38.0% 


38.0% 


29.8% 


37.7% 


33.5% 


Assume all commute VKT still made 


24.5% 


35.3% 


12.4% 


20.7% 


20.5% 


Total fuel saved (%) 


50% VKT reduction applied to all VKT 


27.2% 


31.0% 


37.2% 


34.3% 


33.9% 


Adjust for vehicle ownership 


21.2% 


24.2% 


22.8% 


26.8% 


23.1% 


Assume all commute VKT still made 


13.7% 


22.4% 


9.5% 


14.7% 


14.2% 



offsets may represent other sources of increased driving, this provides a good 
rough assumption of the potential offsets that could occur. Table 2-28 
presents "consensus" estimates for both the odd/even and 1-in-l 0-day driving 
ban policies. This assumes adequate levels of enforcement to effectively 
penalise those who disregard the ban. 

Vehicle speed-reduction policies 



Vehicle speeds and fuel consumption 

One factor associated with fuel consumption is driver behaviour, in terms of 
the selection of speed and acceleration style. In general, excessive 
acceleration and speed will tend to increase fuel consumption (see section on 
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Table 2-27 



Estimate of fuel savings for one-day-in-ten driving ban 




Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Total 


Million litres saved/day 


50% VKT reduction applied to all VKT 


32 


87 


183 


8 


310 


Adjust for vehicle ownership 


20 


56 


71 


5 


152 


Assume all commute VKT still made 


12 


45 


18 


3 


78 


Thousand barrels saved/day 


50% VKT reduction applied to all VKT 


204 


550 


1 148 


51 


1 953 


Adjust for vehicle ownership 


130 


349 


447 


32 


958 


Assume all commute VKT still made 


73 


284 


110 


19 


486 


Road transport fuel saved (%) 


50% VKT reduction applied to all VKT 


9.7% 


9.7% 


9.7% 


9.7% 


9.8% 


Adjust for vehicle ownership 


6.2% 


6.2% 


3.8% 


6.1% 


4.8% 


Assume all commute VKT still made 


3.5% 


5.0% 


0.9% 


3.6% 


2.4% 


Total fuel saved (%) 


50% VKT reduction applied to all VKT 


5.4% 


6.2% 


7.4% 


6.9% 


6.8% 


Adjust for vehicle ownership 


3.5% 


3.9% 


2.9% 


4.4% 


3.3% 


Assume all commute VKT still made 


2.0% 


3.2% 


0.7% 


2.5% 


1.7% 


Table 2-28 


Consensus estimates of fuel savings from odd/even day 




and one-day-in-ten driving ban policies 








Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Total 


Odd/even day driving ban policy 


Thousand barrels saved/day 


516 


1 992 


1 467 


109 


4 083 


Road transport fuel saved (%) 


24.5% 


35.3% 


12.4% 


20.7% 


20.5% 


Total fuel saved (%) 


13.7% 


22.4% 


9.5% 


14.7% 


14.2% 


1 day in 10 driving ban policy 


Thousand barrels saved/day 


73 


284 


110 


19 


486 


Road transport fuel saved (%) 


3.5% 


5.0% 


0.9% 


3.6% 


2.4% 


Total fuel saved (%) 


2.0% 


3.2% 


0.7% 


2.5% 


1.7% 
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"ecodriving" later in the chapter). However, the conditions under which these 
occur may be different. For example, high speeds may occur on motorways 
with unrestricted flow while slower speeds with hard accelerations may be 
more likely when traffic is highly congested. 

Most estimates of fuel efficiency with respect to vehicle speeds are based 
upon average driving cycles, thereby incorporating some level of accelerations 
and a variety of different speeds into estimates. Table 2-29 (based on ORNL, 
2003) shows average fuel efficiency related to average speeds. As can be 
seen, the best fuel efficiency is achieved at speeds between 30 and 60 mph, 
deteriorating at higher speeds. The lower efficiency numbers at lower speeds 
would tend to be biased by being based on driving conditions with more stop- 
and-go driving and more accelerations. However, these figures would provide 
a preliminary basis for estimating the effect of speed reductions on motorways 
to speed limits of 90 kph or 55 mph. 

Table 2-30 (also from ORNL, 2003) shows the variation in fuel economy 
ratings derived from different driving test cycles used to calculate fuel 
economy levels. These vary somewhat for Japan, Europe and the United 
States. The United States driving cycles tend to have higher maximum 
acceleration than those for Europe and Japan, while the European cycle has a 
higher maximum speed level. Table 2-31 shows the variation between the 
driving cycles. In any case, this shows the difficulty of measuring average fleet 
fuel economy levels. At the high end, however, we suspect that percentage 
reductions would be fairly similar across different countries and thus the 
figures in Table 2-29 could form a basis for estimates of the effect of speed 
reduction policies. 

A study by DIW (1996) found that a reduction in German motorway speeds 
to 100 km/h and to 80 km/h on other extra-urban roads could save 4.8% of 
fuel consumption from private travel. Table A-17 in the appendix provides 
estimates of speeding in European Union countries which indicate 
opportunities to reduce average speeds without any changes in legislation. 
Overall estimates suggest that between 30% and 60% of vehicles exceed 
posted speed limits (although we would be primarily concerned with speeding 
in excess of 60 mph). 



98 



2. Analysis of potential policies and measures 



Table 2-29 



Vehicle speed impacts on fuel economy 




Speed 


Fuel economy averages 


Miles per hour 


Kilometres per hour 


Miles per gallon 


Litres per 100 km 


lb 


~)A 1 


24.4 


9.6 


zU 


51.5 


27.9 


8.4 


ZD 


/in i 


30.5 


7.7 




AO A 

4o.4 


31.7 


7.4 


DO 


rc IT 

DO.D 


31.2 


7.5 


A C\ 

4U 


CA C 


31 


7.6 


45 


72.6 


31.6 


7.4 


50 


80.6 


32.4 


7.3 


55 


88.7 


32.4 


7.3 


60 


96.8 


31.4 


7.5 


65 


104.8 


29.2 


8 


70 


112.9 


26.8 


8.8 


75 


121.0 


24.8 


9.5 


Impact of speed reduction (to/from) 


Percentage change in fuel economy 


55-65 mph 


88.7-104.8 kph 


11.0% 


-8.8% 


65-75 mph 


104.8-121.0 kph 


17.7% 


-15.8% 


55-75 mph 


88.7-121.0 mph 


30.6% 


-23.2% 



Source: Oak Ridge National Laboratory (2003). Based on model years 1988-1997 automobiles and light trucks, 
based on tests of 9 vehicles. 



Table 2-30 



Fuel economy estimates for different driving cycles 



Projected fuel economy 

Driving cycle for a 1995 composite 

midsize vehicle 





Litres per 100 km 


Miles per gallon 


Japanese 10/15 mode test cycle 


13.4 


17.5 


New European Driving Cycle (NEDC) 


10.7 


22.0 


US EPA city cycle (LA4) 


11.9 


19.8 


US EPA highway cycle 


7.3 


32.1 


US Corporate Average Fuel Economy cycle 


9.8 


23.9 



Note: The 1995 composite midsize vehicle is an average of a Chevrolet Lumina, using the National Renewable 
Energy Laboratory's Advanced Vehicle Simulator (ADVISOR) model. 
Source: ORNL, 2003. 
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Table 2-31 



Comparison of US, European and Japanese driving cycles 





Time 


Percent 


Distance 


Average 


Maximum 


Maximum 


(seconds) 


of time 


(miles) 


speed 


speed 


acceleration 






stopped 




(mph) 


(mph) 


(mph/s) 






or 

decelerating 










Japanese 10/15 mode 














test cycle 


631 


52.3 


2.6 


14.8 


43.5 


1.78 


New European Driving 














Cycle (NEDC) 


1 181 


24.9 


6.8 


20.9 


74.6 


2.4 


US EPA city cycle (LA4) 


1 372 


43.2 


7.5 


19.5 


56.7 


3.3 


US EPA highway cycle 


765 


9.3 


17.8 


48.2 


59.9 


3.3 


US Corporate Average 














Fuel Economy cycle 


2 137 


27.9 


10.3 


29.9 


59.9 


3.3 



Note: When comparing data between countries, one must realise that different countries have different testing 
cycles to determine fuel economy and emissions. This table compares various statistics on the European, Japanese 
and US testing cycles [for fuel economy measurements, the US uses the formula, 1/fuel economy = (0.55/city fuel 
economy) + (0.45/highway fuel economy)]. Most vehicles will achieve higher fuel economy on the US test cycle 
than on the European or Japanese cycles. 



Speed reduction policies can consist of many different measures. 
Informational policies might be effective, especially for reducing 
excessive accelerations. Changes in maximum speed limits can also be 
highly effective during crises, as demonstrated by the success of this 
policy in the United States during the 1970s, at least upon initial 
implementation. As the United States experience demonstrates, 
maintaining enforcement is critical. The European Union is urging 
member states to implement more speed control policies, primarily by the 
introduction of speed cameras. These have been estimated to be highly 
effective, with average speed reductions (for all road categories) of about 
7% (ICF Consulting/Imperial College, 2003). If the focus is on reducing 
motorway speeds, one can roughly estimate the average speed 
reductions by the number of speed cameras per km placed on the entire 
motorway network (data on network length is available). Rough 
estimates of speed reductions can then be estimated if the goal is to 
reduce speeds to, say, 55 mph during an emergency. 
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Speed reduction analysis 

Estimates were made of the likely fuel consumption savings due to reduced 
maximum speeds on motorways. Because of the different effects of varying 
driving cycles, the analysis was simplified to model only the effects of a 
change in maximum steady state speeds (an impact factor was then applied 
to account for this policy affecting only a portion of motorway fuel 
consumption). These estimates were made for all individual IEA member 
countries based upon country-specific data and various averages assumed for 
different countries. 

The basic methodology involved multiple steps to best estimate the total 
vehicular traffic and fuel consumption that would be subject to the policy: 

■ Total road transport fuel consumption was obtained from IEA for all 
member countries. Data on population, motorisation registered vehicles 
(by vehicle class), total road vehicle-kilometres travelled (VKT, by vehicle 
class, where available), motorway-vehicle travelled (by vehicle class, where 
available), road tonne-kilometres moved, and road network (by road type) 
were gathered from IRTAD, Eurostat, various national statistical agencies 
and other sources. 

■ Approximately one-half of the data points for registered vehicles were 
unavailable or problematic. In particular, data regarding the number of 
goods vehicles were problematic with data for heavy goods vehicles, light 
goods vehicles and light-duty passenger "trucks" (e.g. sport utility vehicles, 
pick-up trucks and vans) intermingled and characterised inconsistently or 
erroneously. These were estimated or adjusted by interpolation and 
extrapolation from the available data for kilometres, tonne-kilometre data 
and VKT data. 

■ Where data were unavailable, an estimate of average annual VKT per 
vehicle obtained from other countries in the same IEA region was utilised 
to generate these estimates. For example, for Europe, the computed figures 
were approximately 13 800 km annually for light passenger vehicles, 
41 000 km for buses, 29 000 for light goods vehicles and 84 000 for 
heavy goods vehicles. 

■ Motorway VKT data were estimated next; here, few original data were 
available disaggregated by vehicle class. National level motorway data were 
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first estimated where not available, based on the length of motorways and 
motorways' share of the primary and total road network. Total motorway VKT 
was then distributed across vehicle classes. On the basis of the limited 
available data and professional judgment, motorway VKT was distributed to 
each vehicle class proportional to its share of total VKT, except that heavy 
goods vehicles were weighted at double their total VKT share and light goods 
vehicles were weighted at three-quarters their total VKT share. 

■ Fuel efficiencies by country and vehicle class were then estimated where 
the data were lacking. While national totals are commonly available, the 
more disaggregate data have limited availability. Interpolation and 
estimation using VKT by vehicle class and available data were then made, 
cross-checking that fuel consumption estimated in this manner matched 
IEA data for total road fuel consumption in the country. 

■ Fuel consumption by vehicle class for all roadways and for motorways were 
then calculated by multiplying VKT by fuel efficiencies. For motorways, 
fuel consumption rates were increased by 10% to reflect the higher rates 
observed at motorway speeds compared to other roads. 

■ Fuel consumption savings from speed reductions were estimated using a 
commonly used fuel consumption equation standard to mechanical 
engineering texts (Delucchi etal., 2000; Gillespie, 1992; Thomas and Ross, 
1997; Ross, 1997; Mendler, 1993). 

The variables considered were: 

MPG = Miles per gallon 

V= Velocity of the vehicle, in metres/second 

CdA = Coefficient of drag (air resistance) 

A = Frontal area of vehicle (square metres) 

/\D = Air density (1 184 kg/m 3 ) 

CdR = Coefficient of drag (rolling resistance) 

1/1/ = Cross vehicle weight (kg) 

EE = Engine efficiency (percentage) 

EE = Fuel energy (Btu/gallon) 

These factors are combined in an equation such that: 

MPG = FE / (Total resistance • 2 546.7 • V • 0.44704 / EE) 

Where total resistance = aerodynamic drag + rolling resistance: 
(0.5 • CdA • AD • FE • V 3 / 745.7) + (W • 9.81 • CdR • V/ 745.7) 
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Table 2-32 lists the assumptions made for various vehicle types. 

The above equation was then used to estimate the difference in fuel consumption 
at different steady state speeds for a given vehicle class. The vehicle 
characteristics utilised and fuel economy results of a steady state 50 mph travel 
pattern are provided in Table 2-32, while Table 2-33 shows the generalised effect 
of two different policies for reduced motorway maximum speeds and Table 2-34 
provides the results based on each region's maximum speed limit. 

Because of the driving cycle issues discussed earlier, a policy impact factor of 
50% was then applied to the results of the equation when calculating the 
overall fuel consumption savings from each country, with results provided in 
Table 2-33. This impact factor was based on professional judgment of the 
likely overall effectiveness of reducing the maximum legal speed limit, 
accounting for the following factors: 

■ Many vehicles are already travelling below the maximum speed limit; in 
some cases this may be due to driver preference or, in others, to 
congestion. For example, approximately one-third of tractor-trailer 

Table 2-32 



Vehicle characteristics and illustrative results 
of fuel consumption equation 



North 


Rest-of-world 


Light goods 


Heavy goods 


America 


light duty 


vehicles 


vehicles 


light duty 


passenger 






passenger 








Coefficient of drag, air (CdA) 0.42 


0.38 


0.50 


0.60 


Frontal area (m 2 ) 2.4 


1.9 


4.0 


4.5 


Coefficient of drag, rolling 








resistance (CdR) 0.015 


0.015 


0.015 


0.015 


Speed (mph) 50 


50 


50 


50 


Speed (m/s) 22.4 


22.4 


22.4 


22.4 


Gross vehicle weight (lbs) 4 025 


3 400 


10 000 


40 000 


Cross vehicle weight (kg) 1 826 


1 542 


4 536 


18 144 


Engine efficiency 15% 


15% 


22% 


26% 


Miles per gallon 20.0 


25.7 


13.2 


5.6 


Litres per 100 km 11.8 


9.2 


17.9 


41.7 
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Table 2-33 



Results of steady state speed reduction 


Percentage reduction in fuel consumption at steady speed reduction of 20 kph 


Reduced speed 


70 kph 


80 kph 


90 kph 


95 kph 


100 kph 


110 kph 


Original speed 


90 kph 


100 kph 


110 kph 


115 kph 


120 kph 


130 kph 


US passenger car 


22.9 


22.7 


22.3 


22.0 


21.7 


21.1 


ROW light-duty passenger 


21.4 


21.3 


21.1 


20.9 


20.7 


20.2 


Light goods vehicle 


20.8 


20.8 


20.6 


20.5 


20.3 


19.8 


Heavy goods vehicle 


10.8 


11.4 


11.9 


12.0 


12.2 


12.5 


Percentage reduction in fuel consumption at steady speed reduction to 90 kph 


Reduced speed 


90 kph 


90 kph 


90 kph 


90 kph 


90 kph 


90 kph 


Original speed 


90 kph 


100 kph 


110 kph 


115 kph 


120 kph 


130 kph 


US passenger car 


0.0 


12.0 


22.3 


26.9 


31.1 


38.7 


ROW light-duty passenger 


0.0 


11.3 


21.1 


25.5 


29.6 


37.0 


Light goods vehicle 


0.0 


11.0 


20.6 


25.0 


29.0 


36.4 


Heavy goods vehicle 


0.0 


6.0 


11.9 


14.7 


17.5 


22.8 



kph: kilometres per hour. 



motorway VKT and three-fifths of all other vehicles' motorway VKT in the 
United States are on urban motorways rather than rural motorways. 

■ In the EU, heavy trucks are already regulated with speed governors and 
limited to 90 kph. We therefore assume no reduction in heavy truck speeds 
in the EU (although anecdotal evidence of higher truck speeds on some 
European motorways suggests that compliance is not always 100% and 
therefore some fuel savings from heavy trucks might occur from lowered 
speed limits and/or tighter enforcement). 

■ While the analysis uses the maximum posted motorway speed limit in each 
country (with the exception of Germany, where the highest recommended 
speed of 130 kph is used), some motorways may have lower posted speeds 
which may not be affected as much by the speed reduction policies. 

■ Some vehicles may not slow to the full extent of the policy's intended 
reduction. For example, many vehicles normally travelling 110 kph in a 
posted 110-kph zone may slow to only 95 or 100 kph if the limit is lowered 
to 90 kph. 
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Table 2-34 



Estimate of fuel savings for speed reductions 


20 kph reduction Reduction to 90 kph 




Litres saved/day (million) 


Japan/RK 


3.7 


2.4 


IEA Europe 


20.3 


29.3 


North America 


53.0 


57.8 


Aus/NZ 


0.9 


1.1 


Total 


78.0 


90.6 


Barrels saved/day (thousand) 


Japan/RK 


23.6 


15.0 


IEA Europe 


127.9 


184.2 


North America 


333.5 


363.4 


Aus/NZ 


5.7 


7.2 


Total 


490.7 


569.7 


Percent road transport fuel saved 


Japan/RK 


1.2% 


0.7% 


IEA Europe 


2.3% 


3.3% 


North America 


2.9% 


3.2% 


Aus/NZ 


1.1% 


1.4% 


Total 


2.5% 


2.9% 


Percent total fuel saved 


Japan/RK 


0.6% 


0.4% 


IEA Europe 


1.4% 


2.1% 


North America 


2.2% 


2.4% 


Aus/NZ 


0.8% 


1.0% 


Total 


1.7% 


2.0% 



■ A significant portion of motorway fuel consumption is influenced by 
acceleration patterns and other elements of the driving cycle. For example, 
adjustments to driving speed to account for merging, other vehicles 
travelling at different speeds, etc. will occur regardless of the maximum 
speed. The motorway fuel consumption attributable to these driving 
activities would not experience the same percentage reduction as does the 
motorway fuel consumption attributable to travel at a steady state speed. 
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Given these assumptions, the results in Table 2-33 are adjusted by 50%. Table 
A-18 in the appendix shows the estimated percentage reductions of total 
transport and total fuels for each IEA country. Regional totals are shown in 
Table 2-34. As can be seen, speed reduction measures appear most effective 
in Europe and North America potentially leading to about a 5% reduction in 
total road transport fuel use (or about 3% to 4% of total fuel use). 



Consensus estimate of reduction from speed limit policies 

Reductions in speeds during a fuel emergency can be implemented in 
many ways. For example, in the United States, during the 1970s fuel 
emergency, a national speed limit of 55 mph (90 km/h) was 
implemented. Initially, this policy was very effective, primarily because of 
altruistic behaviour and a determined enforcement regime. The British 
fuel emergency of 2000 suggested that free-flow speeds on motorways 
decreased with no change in policy, presumably from attempts to 
conserve fuel by individual drivers. This suggests that actual shortages 
can induce some beneficial behavioural responses even without 
enforcement of new speed limits. 

Therefore, our consensus estimate assumes that information is provided to 
encourage drivers not to exceed 90 km/h. Supplementing this with an 
enforcement regime, whether through speed cameras or increased presence of 
traffic police, should be very effective. Table 2-35 provides a summary of the 
results of our best estimate which assumes a change in the legal speed limit 
and a comprehensive enforcement regime. 



Table 2-35 



Consensus estimate of effect of reducing speed limit to 90 km/hr 





Japan/ 
Korea 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Total 


Thousand barrels saved per day 


15 


184 


363 


7 


570 


Percent road transport fuel saved 


0.7% 


3.3% 


3.2% 


1.4% 


2.9% 


Percent total fuel saved 


0.4% 


2.1% 


2.4% 


1.0% 


2.0% 
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Promotion of "ecodriving" 



The concept of ecodriving has been extensively researched in the Netherlands 
and is actively supported by a number of countries (e.g. Switzerland and 
Germany co-operate on the website "www.ecodrive.org"). Ecodriving is 
estimated to provide a potential reduction in fuel use of 10% to 20% for 
those who fully adopt it. Across an entire car-driving population, the 
reductions will be lower since not everyone will be reached or be willing to 
change behaviour. However, in an emergency, assuming a good level of 
awareness and co-operation from the general public, an average reduction in 
fuel consumption per kilometre of 5% appears possible. During the British 
fuel crisis there was some evidence that drivers drove more slowly to conserve 
fuel, so clearly during crisis conditions drivers are willing to adopt these types 
of strategies (Eves et ai, 2002). Tyre pressure adjustments alone (discussed 
below) can provide half of this benefit. 

There are several basic rules to follow: 

■ Shift up as soon as possible 

■ Maintain a steady speed 

■ Anticipate traffic flow 

■ Decelerate smoothly 

■ Switch off the engine at short stops 

■ Reduce vehicle weight to the extent possible (e.g. remove unnecessary items 
from trunk) 

■ Avoid reducing vehicle aerodynamics from items attached to the exterior of 
the car 

■ Keep tyres properly inflated and purchase low-rolling resistance replacement 
tyres 

■ Use low-viscosity motor oils. 

Ecodriving training also includes encouraging drivers to make full use of in-car 
devices such as fuel economy computers, shift indicator lights and cruise 
control. These can help indicate the efficiency of driving and/or improve it. 

There are different ways to train individuals in ecodriving. The most effective 
is on-road training, but there are also training possibilities with simulators and 
Internet simulators. In order to encourage a very rapid shift in driving style, an 
aggressive advertising campaign that provides necessary details can be used 
to great effect. 
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Driving style and fuel consumption 

Estimating fuel consumption reductions from improved driving styles (such as 
reductions in hard accelerations and hard breaking) is somewhat difficult, 
partly because it appears to be quite variable. ECMT/IEA (2005) reports on 
a California Air Resources Board study that compared the standard United 
States driving cycle (the Federal Test Procedure or FTP) against a more 
aggressive driving cycle (Unified Cycle or UC). The UC had average 
accelerations about 30% greater than the FTP city cycle, with maximum 
accelerations and decelerations of over 100% greater. For 17 cars tested, the 
UC led to between a 5% and 14% increase in fuel consumption. Further, it 
was found that more aggressive driving leads to greater fuel consumption 
when the horsepower/weight (HP/WT) ratio is smaller. Atypical family sedan 
(HP/WT of 0.04) was found to have a 6% increase in fuel consumption for 
the more aggressive driving cycle. 

The ECMT and IEA (2005) report on the differences between the FTP (city) 
and a more aggressive driving cycle on the basis of an analysis of motorway 
drivers done by the United States Environmental Protection Agency. They 
found that the more aggressive driving cycle led to a 25% to 48% increase in 
fuel consumption. They concluded that the average car would experience 
about a 33% fuel penalty, while more powerful cars would have about a 28% 
fuel penalty when driven more aggressively. The two driving cycles measured 
had about the same average speed, so this result is clearly due to changes in 
maximum speed and acceleration/deceleration behaviour. 

Various technologies are available that provide drivers with feedback on the 
fuel consumption associated with their driving style and/or provide 
information on more efficient driving styles. For example, shift indicator lights 
provide feedback on the most efficient gear to drive in for manual 
transmission cars. ECMT/IEA (2005) reports fuel savings between 5% and 
15% from proper gear shifting. Fuel economy indicators, such as computers, 
are also becoming increasingly popular in vehicles, although it is less clear 
whether drivers respond to the information that this provides (at least without 
training). Cruise control systems can result in 20% to 30% increases in fuel 
efficiency when used by aggressive drivers; however, there is undoubtedly 
some self-selection in choosing to use technologies that control aggressive 
behaviour. 
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Potential benefits of tyre pressure improvements 

Maintaining the proper tyre pressure can have a significant effect on total fuel 
consumption. ECMT/IEA (2005) reports estimates of a 2.5% to 3.0% 
increase in fuel consumption for every pound per square inch (psi) below the 
optimal tyre pressure. CEC (2003) reports a somewhat lower estimate of a 1% 
increase per 1.0 psi below the optimal level. Table 2-36, reproduced from 
ECMT/IEA (2005) shows that a significant fraction of cars have their tyres 
under-inflated, suggesting some room for increased efficiency. 

Development of tyres with lower rolling resistance could potentially lead to 
some improvements in fuel economy. CEC (2003) estimated that conversion 
to lower rolling-resistance tyres could lead to about a 3% reduction in fuel 
usage. Decreases in fuel consumption are greater under high-speed highway 
conditions. Simulations reported in CEC (2003) suggest that a 10% decrease 
in rolling resistance results in a 2% decrease in fuel consumption for highway 
conditions. For urban driving, the decrease is about 1% for a 10% decrease in 
rolling resistance. While rolling resistance tends to vary by tyre, research 
conducted in Germany suggests that 50% improvements in tyre rolling 
resistance are easily achievable over the next few years. Car manufacturers 
typically seek to have low rolling resistance tyres on new vehicles (mainly to 
comply with US fuel economy standards or European voluntary measures), 
which has acted as an incentive for the tyre industry to develop these more 
efficient tyres. However, replacement tyres typically are not marketed or 
bought for their fuel efficiency. 

This suggests a possible policy option of either providing information to 
consumers or mandating specific rolling resistance standards for replacement 



Table 2-36 



Percentage under-inflation of tyres based on survey 


Vehicle type 


No. of tyres under-inflated by > 8 
psi 







12 3 4 


Passenger cars 


73 


14 7 3 3 


Pickups, SUVs and vans 


68 


13 10 4 6 



Source: ECMT/IEA (2005). psi: pounds per square inch. 
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tyres. One impediment to establishment of these types of policies is that 
currently there are no standardised test procedures for measuring the fuel 
efficiency associated with tyres, but this could be done 4 . Another policy 
approach is to have tyre excise tax rates set so that consumers have incentives 
to purchase those with lower rolling resistance. In any case, promoting 
changes to purchase patterns of replacement tyres represents a longer-term 
effort - not something that makes sense to link to emergency plans. 

In the short term, the only tyre-related policy likely to be implemented would 
involve educational and communication campaigns for drivers to maintain the 
maximum approved tyre pressure. Estimates were made of the likely fuel 
consumption savings due to reduced rolling resistance of fully inflated tyres. 
Our methodology used to analyse the effectiveness of such a policy was very 
similar to that used to evaluate speed reductions, involving the same sets of 
equations shown above. Again, because of the different effects of varying 
driving cycles, the analysis was simplified to model only the effects of a 
change in rolling resistance due to tyre pressure at various steady state 
speeds. 

On the basis of the survey data (see Table A-19 in the appendix), it was 
estimated that the average light-duty vehicle tyre is under-inflated by three psi. 
This was estimated by cross-multiplying the percentages shown in Table 2-37 
by an assumed under-inflation of 12 psi (for those tyres noted in the table as 
at least 8 psi under-inflated) and assuming half of all other tyres are under- 
inflated by an average of three pounds. The approximate midpoint was then 
chosen between the 2.8 calculated for passenger cars and 3.3 calculated for 
light-duty trucks. For heavy-duty vehicles, the studies cited above suggested 
approximately an average 5 psi shortfall in tyre pressure and 0.6% change in 
fuel economy; these values were directly adopted. For all vehicles, it was 
assumed that the policy could not be 100% effective due to mis-inflation, 
leakage and similar factors; thus tyres were estimated to remain an average 
of 1 psi under-inflated under the programme. Table 2-38 provides results of 
the fuel economy simulation of the tyre pressure change. 



4. California recently passed legislation that mandates state agencies to purchase more efficient 
replacement tyres and as part of this requires the development of consistent standards to measure their 
efficiency See for example http://www.nrdc.org/media/pressreleases/031002.asp for a description. 



110 



2. Analysis of potential policies and measures 



Table 2-37 

Estimated benefits from tyre inflation campaigns 



Reduction in fuel consumption at steady speed from improved tyre inflation 



venule specu ^ivpii^ 


30 

Jv 




70 


QO 


110 


130 


Light-duty average Before campaign 


3 


3 


3 


3 


3 


3 


under-inflation (psi) During campaign 


1 


1 


1 


1 


1 


1 


Heavy-duty average Before campaign 


6 


6 


6 


6 


6 


6 


under-inflation (psi) During campaign 


1 


1 


1 


1 


1 


1 


Percentage reduction in fuel consumption 














US passenger car 


- 3.6% 


- 2.9% 


- 2.2% 


- 1.7% 


- 1.3% 


- 1.0% 


Other country passenger car 


- 3.7% 


- 3.0% 


- 2.4% 


-1.9% 


- 1.5% 


- 1.2% 


Light goods vehicle 


- 3.7% 


-3.1% 


- 2.5% 


- 1.9% 


- 1.5% 


- 1.2% 


Heavy goods vehicle 


-0.7% 


-0.7% 


-0.6% 


-0.6% 


-0.5% 


-0.4% 


Absolute reduction in fuel consumption 














(litres per 100 km) 














US passenger car 


0.22 


0.22 


0.22 


0.22 


0.22 


0.22 


ROW passenger vehicle 


0.19 


0.19 


0.19 


0.19 


0.19 


0.19 


Light goods vehicle 


0.38 


0.38 


0.38 


0.38 


0.38 


0.38 


Heavy goods vehicle 


0.24 


0.24 


0.24 


0.24 


0.24 


0.24 



Specification of motor oil grades 

Different engine oil grades tend to result in different levels of fuel economy. 
Studies have generally found about a 1% to 2% increase in fuel efficiency 
when lower-viscosity oil is used in place of those grades most commonly used 
(ECMT/IEA, 2005). Efficiency improvements may be even larger during cold 
temperatures. This suggests one possible policy of requiring the use of low- 
viscosity oils in those cars where engine damage would not occur (probably 
nearly all cars, except for high-performance vehicles) or taxation policies to 
reduce the relative cost of low-viscosity oils. Estimates of relative efficiency are 
presented in Table 2-39 based on results reported in the ECMT/IEA report. 

To adequately estimate the improvements in fleet fuel efficiency, one would 
also need to know which oils are currently in use. Sales data suggest that 
higher-viscosity 10W-30/40 oils are still the most frequently bought oils for 
oil changes while newer vehicles are normally filled with lower-viscosity oils at 
the factory (mainly 5W-30). Therefore, it might be possible to develop rough 
estimates of total fuel savings based on assumptions about current motor oil 
usage. 



in 
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Table 2-38 



Estimates of fuel savings from tyre inflation campaigns 



Million litres saved/day 


Japan/RK 


7.2 


IEA Europe 


19.9 


North America 


30.8 


Aus/NZ 


1.4 


Total 


59.3 


Thousand barrels saved/day 


Japan/RK 


45.5 


IEA Europe 


125.2 


North America 


193.9 


Aus/NZ 


8.6 


Total 


373.2 


Road transport fuel saved (%) 


Japan/RK 


2.3 


IEA Europe 


2.2 


US/Canada 


1.6 


Australia/NZ 


1.6 


Total 


1.9 


Total fuel saved (%) 


Japan/RK 


1.2 


IEA Europe 


1.4 


US/Canada 


1.3 


Australia/NZ 


1.2 


Total 


1.3 



Table 2-39 

Fuel efficiency improvements from low-viscosity oils 



Lower-viscosity 
oil 


IOW-30 


10W-40 


5W-30 


5W-30 


1.2-2.0% 


1.2-2.0% 




5W-20 






1.0-3.5% 


0W-20 






1.0-2.0% 
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Changing the ability of vehicle fleets to use lower-viscosity oils would be 
difficult to do in the short term. However, it could be included in a general 
programme for promoting ecodriving, with some potential benefits, especially 
over a fairly long emergency period (e.g. several months). Potential savings 
from efficient motor oils are included in our "consensus" estimates from 
ecodriving, below. 

Consensus estimate of reductions from comprehensive ecodriving 
programme (including driving style, tyre inflation and improved 
motor oil use) 

Policies to promote ecodriving would mainly rely upon an aggressive 
campaign of public information and education. Some technology aspects 
could also be promoted, such as on-board information systems for fuel 
economy and diagnostic systems for tyre pressure. However, this would take 
time to be implemented within the full fleet of vehicles and would not be 
effective in short-term emergency. The assumptions stated in the above 
analysis appear reasonable as representing the case of a good public 
education programme aimed at increasing tyre pressures. Our consensus 
estimate is based upon this and some additional benefits from other aspects 
of an ecodriving programme. Results are summarised in Table 2-40. 

Table 2-40 



Consensus estimates for comprehensive ecodriving campaigns 





Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Total 


Fuel saved per day (million litres) 


16.2 


43.7 


91.3 


4.1 


155.2 


Fuel saved per day (thousand barrels) 


102.1 


274.9 


574.1 


25.5 


976.6 


Road transport fuel saved (%) 


5.0% 


5.0% 


5.0% 


5.0% 


5.0% 


Total fuel saved (%) 


2.7% 


3.1% 


3.7% 


3.4% 


3.4% 



Alternative fuels 



Another potential package of policy options would focus on shifting to other 
fuels. These would, for the most part, consist of long-term policies to diversify 
the fuel supply and would not be activated in short-term emergency 
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conditions. Various alternative fuels are making small inroads into the 
transport fleet, most notably compressed natural gas (CNG) and liquid 
petroleum gas (LPG), used mainly in business fleets, and ethanol, being used 
primarily as a fuel additive in blends up to 5% or 10% in various IEA 
countries. Brazil has long led the world in ethanol-fuelled vehicles, with most 
cars running on blends with about 25% ethanol content (IEA, 2004). 

A more recent development is production of vehicles able to use any blend 
ratio of gasoline and ethanol. These are known as flexible-fuel vehicles. Several 
models are now being marketed in the United States and Brazil. In countries 
with many flexible-fuel vehicles and wide availability of both gasoline and 
ethanol, it becomes possible for consumers to switch quickly between fuels. 
Government initiatives to urge switching on short notice, such as during 
emergencies, may also become viable. However, there must be plenty of 
ethanol stock available to handle the increased demand on short notice. Brazil 
appears close to achieving this situation, with wide availability of both 
gasoline and ethanol and a rapidly growing stock of flexible-fuel vehicles. No 
IEA countries appear close to achieving similar conditions. For these reasons, 
we do not evaluate these policies further. 

Chapter summary 



A variety of different approaches to saving oil in hurry has been presented in 
this chapter. A summary of estimates, focused on the "consensus" estimates 
for each type of policy and sub-policy category, is presented in Table 2-41. 

Glearly a wide variety of impacts can result from different types of policies and 
different formulations of similar policies. The total oil savings across IEA 
countries ranges from about ten thousand barrels per day for some transit 
options to four million for an odd/even day driving ban. While there is 
considerable uncertainty in the estimates, they provide a guide for which 
policies are likely to provide small, medium, or large reductions, as 
summarised above in the executive summary. 

Table 2-42 shows the variation by region for each measure, expressed in 
barrels of oil saved as well as percentage reductions. There is a wide variation 
in results by region for nearly all measures, and there are substantial 
differences in the relative effectiveness of different measures in different 
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Table 2-41 



Summary of effects of policies across all IEA countries 





Policy context to achieve savings 


Thousand 
barrels 
per day 
saved 


Road 
transport 

fuel 
savings (%) 


Total 
fuel 
savings 
(%) 


Policies to 
increase public 
transit usage 


50% reduction in current public 
transit fares 


280 


1.4% 


1.0% 


Free public transit 


563 


2.8% 


2.0% 


Increase off-peak public transit service 


188 


0.9% 


0.7% 


Increase peak and off-peak public 
transit service 


232 


1.2% 


0.8% 


Allow existing bus and car-pool lanes 
to operate 24 hours 


17 


0.1% 


0.1% 


Add additional lanes for buses with 
24-hour usage 


34 


0.2% 


0.1% 


Policies 
to increase 
car-pooling 


Build car-pool lanes along 
all motorways, add park-and-ride 
lots, comprehensive programmes 
to match riders 


1 240 


6.2% 


4.3% 


Small programme to match riders, 
public information 


170 


0.9% 


0.6% 


increasing 
telecommuting 


Public information to employers 
on benefits of telecommuting, minor 
investment to facilitate 


730 


3.7% 


2.6% 


Compressed 
4/40 work week 


Public information to employers 

on benefits of compressed work weeks 


520 


2.6% 


1.8% 


Driving bans 
and signage 


Odd/even driving ban. Provide police 
enforcement, appropriate information 


4 100 


21% 


14% 


1 day in 10 driving ban. Provide 
police enforcement, appropriate 
information and signage 


490 


2.4% 


1.7% 


Speed limit 
reduction 


Reduce speeds to 90kph. Provide 
police enforcement or speed cameras, 
appropriate information and signage 


570 


2.9% 


2.0% 


Ecodriving 
campaign 


Provide public information and other 
support and incentives for ecodriving 


370 


5.0% 


3.5% 



Note: actual road transport fuel consumption in IEA countries in 2001: 20 088 thousand barrels/day; total 
petroleum consumption: 28 813 thousand barrels/day. 
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regions. In general, transit-oriented policies work best in the regions where 
transit ridership is already very important: Europe and Japan/Korea. In 
contrast, car-pooling measures are relatively more effective in those regions 
with the highest driving shares: United States/Canada and Australia/New 
Zealand. 

The potential of telecommuting and flexible work policies also is least 
effective in the European region, relative to other regions. This is due to 
relatively lower current levels of solo car driving for commute trips to work. 
Thus, the benefit of a telecommuting or flexible work schedule policy is 
relatively greater in those countries that currently have more solo car commute 
trips. 

On the other hand, driving bans appear most effective in Europe and least 
effective in North America. This is a function of the relative levels of household 
car ownership in each region. Average car ownership per household is highest 
in North America, which means that households are more likely to have at 
least one car available on any given day that a driving ban is enforced (as 
these are usually set by licence plate number). 

Speed limit reduction and enforcement policies appear most effective in 
Europe and North America. This is due to both relatively higher motorway 
usage (relative to Japan/RK and Australia/NZ) and (in the case of Europe) 
higher maximum speed limits, providing more benefit from a reduction. 
Another fuel economy-related measure, ecodriving campaigns, is estimated to 
give similar levels of effectiveness across regions. 

The following chapter focuses on estimating the costs of these different 
policies. As will be seen, the cost per barrel of oil saved also varies 
tremendously across policy types, but not necessarily in a way that correlates 
with the oil savings of each policy. Very few provide large reductions at low 
cost per unit reductions. 
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3. IMPLEMENTATION COST 
AND COST-EFFECTIVENESS 
OF VARIOUS POLICY OPTIONS 



While the policies and strategies analysed in Chapter 2 show a large range of 
potential effectiveness in reducing fuel consumption, their relative cost- 
effectiveness is another important criterion for determining which policies 
might be implemented. Cost-effectiveness can be defined as the net cost, in 
terms of policy implementation, needed to save a barrel of fuel. However, 
many other benefits besides fuel savings can also be attributable to these 
policies. For example, congestion reduction can lead to major cost savings in 
users' travel time; reduced pollutant emissions improve health and the 
environment locally and globally; and reductions in crashes and injuries (for 
example, from speed limit reduction) provide major benefits. These three 
factors are usually the key external costs associated with transport. Even more 
difficult to measure are reductions or increases in accessibility, mobility and 
mode choice (and the value of these changes). All of these are beyond the 
scope of this study. Instead, the focus here is on relatively easily quantified 
financial and "implementation" costs of the measures, most of which are 
borne by governments. These estimates are then compared to the fuel 
reductions achieved, in order to derive an estimate of the "implementation 
cost per barrel saved". This is a useful, though clearly incomplete, guideline for 
governments to use when choosing between policy options. 



General considerations 



Our estimates of the relative implementation cost and cost-effectiveness of the 
various policies are based upon an assumption that the average duration of 
an emergency is 90 days. Therefore, we consider the total barrels saved over 
this time frame (assuming the same average savings per day). Since we 
compare the implementation cost of the policies to the total barrels of oil 
saved, their ratio is the cost per barrel saved. Measures can be considered cost- 
effective if their cost per barrel saved is less than the cost of a barrel - which 
during an emergency could be fairly high, perhaps well above $50 per barrel. 
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Cost-effectiveness for each measure was calculated as the cost both per litre 
and per barrel saved. As petroleum savings were represented in daily terms, 
costs were similarly converted to a daily rate. For marginal costs, this was a 
simple conversion of time units. For one-off or fixed costs, they were divided 
by 90 (days) to show their cost-effectiveness during the emergency 5 . 

Some of the policies evaluated require only a public information campaign to 
make them effective. We assume the same costs for these campaigns for each 
country and for each policy. These are shown in Table 3-1. Public 
announcement costs are based on drafting fact sheets, transmitting 
information to government officials, disseminating information via e-mail or 
"broadcast" faxes, disseminating press releases, providing copy for radio and 
television public service announcements and other activities. Costs for 
preparing information pamphlets are assumed to be $0.02 per employed 
person in the country (e.g. $1 million for a country with 50 million employed 
people). We assume staff costs at $100 000 per annum, or slightly less than 
$25 000 prorated over the 90 days of the emergency. We assume that 
governments can obtain free access to most media, but we assume 
miscellaneous costs of $15 000 related to delivering public announcements. 

Table 3-1 

Assumed costs of a public information campaign by region 



Thousand US dollars 





Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Total 


Pamphlet preparation and printing 


1 700 


2 656 


2 891 


168 


7 415 


Staff costs 


49 


419 


49 


49 


567 


Public announcement costs 


30 


255 


30 


30 


345 


Total 


1 779 


3 330 


2 970 


247 


8 328 



Other potential costs are considered in more detail and in some cases a range 
of potential costs is provided, leading to a range of cost-effectiveness 



5. Ninety days was chosen to represent a typical supply emergency length. For one-off costs such as outreach 
campaigns (e.g. tyre pressure awareness), these figures may be conservative with regard to overall cost- 
effectiveness as there is likely some longer-term educational and fuel savings benefit. For the infrastructure 
investment costs (e.g. bus and car-pool lanes), these figures significantly understate the likely long-term cost- 
effectiveness of the measure by including only their benefits during the emergency period. 
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measures. Specific assumptions for each policy are detailed below, followed by 
a summary of the relative effectiveness of each. 

Cost-effectiveness estimates by policy type 



Cost-effectiveness of public transit strategies 

Costs assumed for public transit policies are shown in Table 3-2. Costs for the two 
fare reduction measures (50% and 100% reduction) were calculated by taking the 
average fare per existing public transit trip (from the Millennium Database; UITP, 
2001), and multiplying it by the number of existing public transit trips in the 
region and by 50% or 100% to calculate the revenue forgone. This approach 
assumed no net additional cost for the new public transit trips. In reality, there are 
confounding additional marginal costs (possible need for additional service 
provision, security) and benefits (reduced labour costs from reduced/no fare 
collection/enforcement; reduced dwell times due to reduced payments, etc.). It is 
also important to distinguish that, in fact, only these additional "confounding" 
costs represent true economic costs - since they represent additional resource 
requirements (and they represent economic benefits when fewer resources are 
needed). The loss of revenues from fare reductions are not economic costs - instead 
they represent wealth transfers. In this case there is no change in the activity - 
providing transit service - only a change in who pays for it (the government, or 
taxpayers, rather than transit riders). Thus by focusing on lost fare revenues, we are 
measuring revenue impacts to the government, not true economic costs. But these 
implementation "costs" to the government are an important consideration when 
choosing among measures to cope with oil supply disruptions. 



Table 3-2 



Public transit cost data 




Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Average fare revenue per public transit trip 


$1.22 


$0.64 


$0.65 


$0.97 


Average operating cost per vehicle-km 


$4.26 


$5.02 


$4.21 


$3.20 


Cost to extend bus/HOV lane hours ($/day/km) 


$4.26 


$5.02 


$4.21 


$3.20 


Cost to stripe additional bus/HOV lane-km 
($/km/90 days) 


$137.59 


$138.35 


$137.54 


$136.53 



HOV: high-occupancy vehicle. 
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For the two measures related to increasing transit level of service (one with 
increases during off-peak times, the other with increases during both peak and 
off-peak times), costs were obtained by estimating the additional peak and 
off-peak vehicle-kilometres of service provided and multiplying by the average 
operating cost per kilometre (both from the Millennium Database). The ratio 
of peak to off-peak vehicle-km was estimated as 0.4 to 0.6, based on UITP 
statistics (UITP, 1997). 

The third set of transit measures involves designating special lanes for buses 
and increasing the use of existing bus lanes to 24 hours. As for the impact 
estimates, costs for these measures were estimated by assuming that for each 
kilometre of separated bus lanes, there are 10 km of bus/car-pool shared 
priority lanes and 100 km of total bus routes. For cost estimation, this ratio is 
not terribly important, since although the level of benefit changes with 
different ratios, the level of cost changes proportionately and cost- 
effectiveness changes very little. Enforcement costs for the measure were 
derived from speed enforcement calculations by ICF Consulting and Imperial 
College London (2003) as approximately $5 per lane-kilometre daily 6 . 

For conversion of existing lanes to new bus priority lanes, costs were estimated 
by first calculating the total additional bus priority lane-kilometres per region 
at two linear metres per 1 000 urban residents. This was multiplied by 
$12 000 per kilometre for road painting and signage, which was estimated as 
four times more expensive as striping and signing bicycle lanes (typically $3 
per linear metre). This cost was divided by the expected 90-day duration of the 
supply emergency. 

Cost-effectiveness estimates for these various strategies are shown in Table 3-3. 
As can be seen, all are quite costly per barrel of oil saved. Adding bus lane 
infrastructure appears to be the most cost-effective of these strategies and 
would be of moderate cost-effectiveness if implemented without increasing 
the operating period of existing bus lanes. Extending the operating period of 
bus lanes loses much of its cost-effectiveness because the enforcement costs 
are being applied to the relatively small target audience of off-peak bus 
ridership. 



6. This estimate is based on a marginal cost for supplemental enforcement of $200 per person-day and 
assuming that each enforcement agent could cover 40 lane-km. 
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Table 3-3 



Public transit policy cost-effectiveness 


Cost per barrel of oil saved 


Japan/ 

Measure / 


IEA 
Europe 


US/ 
Canada 


Australia/ Average 
NZ 


Reduce public transit fares by 50% $ 1 002 


$507 


$469 


$969 


$658 


Reduce oublic transit fares bv 100% $1 002 


$507 


$469 


$969 


$658 


Increase weekend and off-peak service 

to peak levels (increase frequency by 40%) $906 


$1 313 


$1 222 


$1 611 


$1 171 


Increase weekend and off-peak service 

and increase peak service frequency by 10% $845 


$1 225 


$1 140 


$1 504 


$1 171 


Convert all car-pool and bus lanes 

to 24-hour bus priority usage $43 


$79 


$75 


$129 


$73 


Convert all car-pool and bus lanes to 24-hour 

bus priority usage and implement 

an additional two linear metres of lanes 

per 1 000 urban residents $31 


$44 


$50 


$77 


$43 



Cost-effectiveness of car-pooling strategies 

Our consensus estimates of the effectiveness of car-pooling strategies focused 
on two potential policies. One was focused on creating car-pool lanes on 
motorways while the other assumed a programme of education and 
encouragement on the benefits of car-pooling. 

Car-pool lanes can be added by either physical construction of new lanes or 
restriping and adding signage in existing lanes. In our cost analysis we 
assume that adding new lanes has a cost of $2.5 million per km. Restriping 
costs are $12 000 per kilometre (the same as for bus lane restriping). We 
assume two cases: 1 ) where car-pool lane capacity is added for all motorways; 
and 2) where capacity is added only on urban motorways. For North America, 
where most regions either have car-pool lanes or already have them 
programmed for construction, we assume that only 50% of existing urban 
motorways would need additional car-pool lanes. For a programme of public 
information and education we assume costs as shown in Table 3-1. 

Table 3-4 displays the cost-effectiveness results for the car-pooling strategies. 
As can be seen, any programme of actual construction of infrastructure is very 
expensive per barrel of oil saved. On the other hand, the much lower costs of 
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Table 3-4 



Car-pool policy cost-effectiveness 



Cost per barrel of oil saved 


Measure 


Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ Average 
NZ 


Construction of car-pool lanes along 
all motorways 


$939 


$4 974 


$1 550 


$755 


$1 928 


Restriping existing lane to car-pool 
along all motorways 


$5 


$25 


$8 


$4 


$10 


Construction of car-pool lanes 
along all urban motorways 


$272 


$1 443 


$450 


$219 


$559 


Restriping existing lane to car-pool 
along all urban motorways 


$1.48 


$7.82 


$2.44 


$1.19 


$3.03 


Provide information on car-pooling benefits 


$1.56 


$0.90 


$0.30 


$0.49 


$0.54 



restriping existing infrastructure, especially if limited to urban motorways, are 
relatively cost-effective. Public information and education campaigns are 
generally very cost-effective. 

Cost-effectiveness of work-trip reduction policies 

Telecommuting policies may be more feasible if employees are provided with 
computers and broadband access so that they can more easily work from 
home. This may not be needed for every employee as home computer 
ownership is quite high, especially among that segment of the population 
that has "telecommutable" jobs. We assume that 50% of employees would 
need computers purchased for them to enable telecommuting and that the 
cost is $1 500 per computer. As can be seen, at this level of equipment 
provision, this type of policy is not cost-effective. 

Providing information to encourage people to telecommute, however, can be 
very cost-effective. (In this case, "information" includes developing a 
programme that companies participate in, where they commit to allowing 
certain employees to telecommute during emergencies.) The same applies to 
encouraging people (or employers) to adopt flexible work schedules. For the 
telecommuting policy we assume no difference in the effect with and without 
the purchase of computers. In reality, one might expect that providing 
computers would make the policy more effective, but as our numbers clearly 
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show, even a doubling of effectiveness would still not make this cost-effective. 
Or alternatively, if a public information campaign were ten times less effective, 
the cost per barrel saved would be less than $2 or $3 per barrel. 

For these cost calculations we make no assumptions regarding whether 
worker productivity would be either positively or adversely affected. This 
may vary for individual jobs but on average we would expect any adverse 
effects to be balanced with productivity-enhancing effects. Results are 
shown in Table 3-5. 



Table 3-5 



Work-trip reduction policy cost-effectiveness 


Cost per barrel of oil saved 


Measure 


Japan/ 
RK 


IEA 
Europe 


US/ Australia/ Average 
Canada NZ 


Telecommuting with 50% purchase 
of computers 


$3 529 


$4 744 


$1 007 : 


H 462 


$1 842 


Telecommuting with public information 
campaign, company commitments 


$0.17 


$0.27 


$0.05 


$0.10 


$0.09 


Compressed work week with public 
information campaign, company 
commitments 


$0.32 


$0.52 


$0.09 


$0.18 


$0.18 



Cost-effectiveness of driving bans 

The costs of implementing a policy of driving bans will consist primarily of 
providing information to the public and an adequate enforcement 
programme. We assume the same programme costs as indicated above. An 
additional cost would be putting adequate signage in place to inform people. 
We assume that one sign would be installed for every 5 km of motorway at 
$5 000 per sign. Policing costs are more substantial and may consist of 
overtime payments for existing police or traffic officers, or increases in 
policing staff. We assume this cost at one officer per 100 000 employed 
people 7 at a $200 000 annual rate per officer (prorated over 90 days). 



7. This low ratio of additional officers is because the vast majority of the enforcement will be conducted by 
officers already patrolling; this merely represents the marginal enforcement effort, and is balanced by the 
high overtime cost of providing this additional marginal enforcement. 
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In the estimates shown in Table 3-6, we see that these policies are generally 
very cost-effective. We make no distinction in the effectiveness of the policy 
with and without police enforcement. Clearly, it could be much less effective 
without adequate enforcement, but even if it were ten times less effective, 
the policy is still very cost-effective. If our policing cost estimates are 
relatively low, these results clearly show that even a doubling of our estimate 
would make this a cost-effective policy. The more stringent odd/even day 
policy is also more cost-effective than a one-day-in-ten ban, as the costs are 
the same. 

Table 3-6 



Driving ban policy cost-effectiveness 



Cost per barrel of oil saved 


Measure 


Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/Average 
NZ 


Odd/even day ban with police enforcement 

and signage $1.08 


$0.67 


$1.22 


$0.60 


$0.92 


Odd/even day ban with signage only 


$0.22 


$0.32 


$0.70 


$0.21 


$0.44 


One-in-ten day ban with police 
enforcement and signage 


$7.67 


$4.70 


$16.23 


$3.46 


$7.71 


One-in-ten day ban with signage only 


$1.56 


$2.27 


$9.33 


$1.18 


$3.72 



It should be recognised that these bans may have some additional costs in 
terms of reduced accessibility and mobility options (particularly for single- 
vehicle households with limited access to alternative modes, or multi-vehicle 
households whose vehicles' licence plates coincidentally end in the same 
number). Estimates of these costs would be pure conjecture. 

Cost-effectiveness of speed reduction policies 

The costs associated with reducing speeds are essentially related to the 
enforcement regime that is in place. While we would expect a public 
information campaign to lead to some driving adjustments through altruistic 
behaviour, especially over the short run, experience suggests that some 
enforcement is needed. Enforcement can be achieved either by increasing 
traffic policing or by speed cameras. 
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For policing costs, we assume that at least one additional traffic officer (or 
overtime equivalent) would be needed per 50 000 employed people at a cost 
of $200 000 per officer (prorated over 90 days). Speed camera costs are 
estimated at €21 000 (about $26 000) based on estimates from ICF 
Consulting and Imperial College London (2003) and we assume one speed 
camera is needed for every 10 km of motorway. We also include costs for 
increased signage based on figures estimated above. 

As with other measures, there are additional costs and benefits to users 
(increased safety, increased travel time, lower fuel costs) that are not included 
here. In particular, past studies indicate that the value of safety benefits can 
be very large for a speed reduction policy. 

Cost-effectiveness results are shown in Table 3-7. Surprisingly we find little 
difference in cost-effectiveness numbers between adding police versus speed 
cameras. Clearly, different assumptions on the costs of these measures would 
lead to different results. With the exception of Japan/RK, we generally find 
this policy to have a moderate level of cost-effectiveness. 



Table 3-7 



Speed reduction policy cost-effectiveness 


Cost per barrel of oil saved 




Measure 


Japan/ 
RK 


IEA 
Europe 


US/ Australia/ Average 
Canada NZ 


Speed limit - 
signage 


increased traffic police, 


$68.36 


$11.21 


$7.10 $16.00 $10.14 


Speed limit - 
signage 


speed cameras only, 


$21.64 


$11.40 


$9.46 $9.70 $10.40 



Cost-effectiveness of ecod riving information campaign 

Costs for implementing an ecodriving information campaign are as estimated 
above for a public information campaign. If a 5% reduction in road transport 
fuel use can be achieved, as described for this measure in Chapter 2, then it 
would be extremely cost-effective. This is shown in Table 3-8. 
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Table 3-8 



Ecodriving campaign cost-effectiveness 



Cost per barrel of oil saved 


Measure 


Japan/ 


IEA US/ Australia/ Average 


RK 


Europe Canada NZ 


Ecodriving programme 


$0.19 


$0.13 $0.06 $0.11 $0.09 



Summary of cost-effectiveness results 



The cost-effectiveness calculations shown above suggest some general 
conclusions about what type of policies can be implemented cheaply, relative 
to the reductions in fuel consumption they may deliver. However, the cost 
estimates here neglect many important (but hard-to-measure) factors and 
should not be taken as a complete cost-effectiveness analysis. 

Policies that add substantial infrastructure or otherwise require a large 
budgetary outlay tend not to be cost-effective. In particular, the public transit 
policies of reducing fares or increasing service frequency are not cost- 
effective 8 . Construction of new car-pool lanes is also not a cost-effective policy 
for reducing fuel consumption. In addition, purchasing computers to enable 
telecommuting would not be effective and actually might not even be 
necessary to implement a telecommuting policy. 

Among the infrastructure policies, restriping of motorway lanes to car-pooling 
lanes is moderately cost-effective. Public transit policies that increase bus lane 
usage are also moderately cost-effective in some cases, as are speed limit 
reduction policies. Their cost-effectiveness is primarily determined by the costs 
associated with enforcement. Other studies have found that reducing speeds 
is highly cost-effective for safety reasons regardless of the benefits of reducing 
fuel usage. 

The most cost-effective policies are clearly those that can be implemented 
mainly with a public information campaign. This includes telecommuting and 



8. Increased public transit service may still make sense in terms of facilitating other measures, particularly 
driving bans, even if the direct fuel consumption reductions are not cost-effective. 
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flexible work policy promotion as well as ecodriving campaigns. Even if the 
cost of an aggressive public information campaign were much higher than we 
have assumed in this analysis, the cost per barrel saved for these options may 
be quite low. Odd/even day driving restrictions also are very cost-effective 
despite some of the enforcement and signage costs. This is due mainly to the 
large potential savings that can be achieved by driving restriction policies. 
One-in-ten-day driving bans are less cost-effective since the costs are about the 
same as for an odd/even day ban. However, such travel-restriction measures 
may impose large costs on society in terms of lost mobility and economic 
activity. 

In all cases, several potentially important types of costs are not accounted for 
here. These include the value of travel time, safety impacts and pollutant 
emissions impacts. Some policies may have large impacts in one or other of 
these areas. For example, speed limit reduction may have its biggest cost in 
terms of increased travel times and its biggest benefit in terms of reduced 
number and severity of accidents (and fatalities and injuries). A careful 
analysis of these types of impacts is suggested for countries making their own 
estimates. 
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CONCLUSIONS 

This report has evaluated the ability to reduce short-term fuel consumption in 
the transport sector via the use of demand restraint policies, in the event of 
emergency supply constraints. The focus of this analysis has been to evaluate 
a range of policy options commonly used under normal circumstances by 
transport planners to manage transport demand, primarily to reduce traffic 
congestion and environmental impacts associated with transport. This 
analysis differs in that it views these same measures under the much different 
circumstances of a temporary supply disruption or sudden severe price spike. 

This analysis is based, to the extent possible, upon existing estimates within 
the literature and experience from past fuel crises. In some cases, given the 
shortage of data covering emergency situations, expert judgment has been 
used to estimate behaviour and response to policies in such situations. The 
transport literature generally analyses the longer-term effects associated with 
various policies under normal fuel supply conditions; we have tried to estimate 
likely effects under conditions of supply disruption, including the altruistic 
effects that would influence travel behaviour under emergency conditions. 

The basic approach has been to evaluate the impact of a variety of measures 
if applied individually during an emergency, given the necessary emergency 
planning and preparation before an emergency occurs. In most cases the 
measures have the effect of reducing light-duty vehicle travel, either by 
reducing demand or encouraging shifting to public transit or other modes. We 
have evaluated the following general approaches: 

■ Increases in public transit usage 

■ Increases in car-pooling 

■ Telecommuting and working at home 

■ Changes in work schedules 

■ Driving bans and restrictions 

■ Speed limit reductions 

■ Ecodriving campaign 
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An important conclusion is that measures that rely on altruistic behaviour and 
provide information to consumers may be able to provide substantial 
reductions in fuel consumption at very low cost. This includes car-pooling, 
flexible work schedules, telecommuting and ecodriving campaigns. 
Conversely, those policies that involve large upfront investments, especially in 
terms of adding infrastructure, are not very cost-effective for reducing fuel 
consumption (although there may be other reasons to implement them). 

Those policies that are more restrictive appear capable of providing large 
reductions in fuel consumption. For example, odd/even day driving bans give 
the largest estimated reductions in fuel consumption. However, such restrictive 
policies may be unpopular and may impose substantial "hidden" costs on 
society in terms of lost mobility. 

The results presented here provide fairly rough estimates of effectiveness. We 
have used real data disaggregated to individual countries, where possible. The 
main source of uncertainty in our results is the extent to which people will 
respond to the measures in emergency situations, especially those measures 
based on providing information. We expect that in most cases, people will 
naturally seek alternative transport options during a fuel emergency due to 
both the increase in the price of fuel and actual supply constraints. In such a 
situation, most people will welcome, and respond to, additional information 
and mobility options provided by governments. Previous short-term emergency 
conditions suggest that some altruistic behaviour will occur, whether prodded 
by price or actual concern about helping society weather an emergency. 

Another important consideration is the synergistic effect of adopting a mix of 
policies. For example, driving restrictions will be more feasible to implement if 
public transit options have been increased or if telecommuting is actively 
promoted. We did not evaluate the interactions between policies, but in many 
cases we would expect adoption of a broad package of policies to provide the 
greatest reductions in fuel consumption. 

The cost-effectiveness calculations presented here are incomplete and are 
meant to providing an indication regarding how implementation costs 
compare to expected fuel savings. Many important costs and benefits of 
policies, such as those related to safety and mobility, are not included in our 
estimates. However, the estimates provide some important indications: e.g. 
policies that require major investments tend not to be cost-effective while 
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those that are relatively easy to implement are more cost-effective. Further 
research is needed to better estimate full costs associated with policies and 
more closely link these to detailed policy specifications. Individual countries 
may be best suited to conduct such analysis. 
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APPENDIX: 
DATA SOURCES 
AND CALCULATIONS 
FOR ESTIMATES 
IN THIS REPORT 



Various data sources have been used to estimate fuel consumption reductions 
from the implementation of transport demand management policies. An 
attempt has been made, wherever possible, to use country-specific data which 
are then aggregated to the four IEA regions. These regions are North America 
(United States and Canada), Europe (the European Union plus Norway and 
Switzerland), Australia/New Zealand and Japan/Republic of Korea. 

We have strived to be consistent in the sources of data for the various analyses 
conducted. Consistent data are needed for our estimates of current fuel 
consumption, current vehicle-kilometres of travel (VKT), fuel intensity and 
vehicle occupancy rates. This section briefly notes the sources and methods 
used to calculate these data, with special attention paid to any omissions. In 
addition, we used the Millennium Cities Database for some of our analysis 
(UITP, 2001). Since these data are only based on a sampling of urban areas, 
total country and regional estimates were obtained by applying figures 
calculated to the entire region using current population data. 



Fuel consumption 



Base fuel consumption levels are as supplied by the IEA. These include total fuel 
consumption, gasoline and diesel consumed by the transport sector, and gasoline 
and diesel consumed by the road transport sector. Original values were supplied 
as metric tons of fuel. These were converted to barrels using country-specific 
conversion factors as supplied by the IEA. Total consumption for each country is 
listed in Table A-l in units of thousand barrels. Countries included in these 
calculations are shown. Note that Europe includes only the European Union-15 
plus Switzerland and Norway. Totals for each region are shown in Table A-2. 
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Table A T 



Total fuel consumption for each country, 2001 data 
(thousand barrels per year) 




Total fuel consumption 
(all sectors) 


Total transport 
fuel consumption 


Total road transport 
fuel consumption 


Australia 


230 750 




162 687 




156 920 


Austria 


70 706 




45 859 




45 449 


Belgium 


111 669 




60 486 




59 614 


Canada 


454 800 




324 373 




304 841 


Denmark 


48 392 




28 070 




26 846 


Finland 


50 203 




29 952 




28 893 


France 


521 850 




333 314 




325 758 


Germany 


i a r\ r\r\r~ 

740 905 




430 913 




424 856 


Greece 


87 606 




45 198 




42 326 


Ireland 


47 654 




26 989 




26 691 


Italy 


OO^f Uo 1 




Z/D OU/ 




273 532 


Japan 


1 087 454 




608 505 




595 412 


Rep. of Korea 


284 983 




158 326 




149 993 


Luxembourg 


18 029 




12 410 




i -) Din 


Netherlands 


110 098 




78 686 




76 068 


New Zealand 


40 456 




29 986 




29 232 


Norway 


46 627 




29 027 




23 750 


Portugal 


61 370 




43 706 




43 027 


Spain 


307 278 




219 626 




207 175 


Sweden 


76 805 




52 971 




51 956 


Switzerland 


92 123 




39 139 




38 981 


United Kingdom 


466 651 




306 986 




299 362 


United States 


5 176 245 




3 988 461 




3 885 971 


Table A-2 


Total petroleum fuel consumption for each region and total for all regions, 

2001 data 






Japan/ 
RK 


IEA US/ 
Europe Canada 


Aus/NZ Total 


All sectors, billion litres/year 


218.2 


515.4 


895.2 


43.1 1 671.8 


All sectors, thousand bbls/day 


3 760 


8 882 


15,428 


743 28 813 


Transport sector, billion litres/year 


121.9 


327.4 


685.6 


30.6 1 165.6 


Transport sector, thousand bbls/day 


2 101 


5 643 


11 816 


528 20 088 


Road transport sector, billion litres/year 


118.5 


319.0 


666.2 


29.6 1 133.3 


Road transport sector, thousand bbls/day 


2 042 


5 498 


11 482 


510 19 531 
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One discrepancy was found in these data. New Zealand did not have any 
consumption of diesel for the road transport sector listed. However, there was 
a relatively large amount of diesel consumption listed under "transport-non- 
specified". This was included as being from road transport in our calculations. 

Vehicle-kilometres travelled 



Data on vehicle-kilometres travelled (VKT) was obtained from the 
International Road and Traffic Accident Database (IRTAD) supplied by the 
IEA. For the most part we used 2001 data to be consistent with our fuel 
consumption data. For Australia and New Zealand, only year 2000 data were 
available. The Netherlands also only had 2000 data. VKT data for the United 
Kingdom do not include Northern Ireland, which is a relatively small fraction 
of the total VKT. Table A-3 shows the details. VKT includes estimates for all 
forms of motorised road transport. 



Table A-3 



Vehicle travel estimates from IRTAD 


Country 


Year 


Billion VKT 


Australia 


2000 


18.5 


Austria 


2001 


75.5 


Belgium 


2001 


91.5 


Canada 


2001 


310.2 


Denmark 


2001 


46.7 


Finland 


2001 


46.7 


France 


2001 


551.0 


Germany 


2001 


620.3 


United Kingdom 


2001 


473.9 


Ireland 


2001 


37.8 


Japan 


2001 


790.8 


Netherlands 


2000 


126.7 


New Zealand 


2000 


37.2 


Norway 


2001 


33.3 


Republic of Korea 


2001 


27.4 


Switzerland 


2001 


59.8 


United States 


2001 


44.8 
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Fuel intensity calculations 



Fuel intensity calculations for each region were based on total VKT and road 
transport fuel consumption for each region. Two minor caveats would be the slight 
underestimation of VKT for the United Kingdom (from the omission of Northern 
Ireland) and the use of 2000 VKT data for the Netherlands. A rough calculation 
suggests that the error this introduces is less than 1 %. Fuel intensity for Australia 
and New Zealand is based on 2000 figures for VKT and 2001 fuel consumption 
figures. This might result in estimating a slightly less efficient fleet for this region, 
but this would again be within the margin of error for estimates of this type. In 
addition, VKT data were not available for Greece, Portugal, Luxembourg, Spain 
and Italy, and thus these were excluded from the fuel intensity calculations. Final 
values used in our calculations are shown in Table A-4 



Table A-4 



Average fuel intensity for each region 


Region 


Litres/100 km 


Japan/RK 


11.13 


IEA Europe 


10.17 


United States/Canada 


13.91 


Australia/NZ 


13.34 



The Millennium Cities Database 



The Millennium Cities Database (UITP, 2001) contains detailed transport 
statistics for a large sampling of urban areas throughout the world. Those 
cities within the IEA countries with complete data were used in our analysis 
and are listed in Table A-5. 
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Table A-5 



IEA cities in the Millennium Database 



City 


Country 


City 


Country 


Amstprriam 

/VI 1 1 -J LL 1 \A CA \ \ \ 


NpthpHands 

1 M U LI 1 Ul 1 CA 1 IUIJ 


Milan 

1 V 1 1 Id 1 1 


Italy 


Athpns 

/V LI 1 1 1 J 


r.rpprp 

u 1 uuuu 


Montrpal 


Canada 

uci \\ca\aca 


Atlanta 

V V Ul CA 1 1 LGI 


I Jnitpd Statps 


Munirh 

1 V 1 U 1 1 1 V--I 1 


Gprmanv 

Uvl 111 Ol 1 IV 


Rarrplona 

U CA 1 \^\Z\\J\ \CA 


Spain 


Nantps 

1 MCI 1 1 UCJ 


Franrp 

1 1 CI 1 1 uu 


Berlin 


Germany 


New York 


United States 


Berne 


Swit7Prland 

*J V V 1 LZ-U 1 1 CI 1 IKA 


Npwrastlp 

1 M U V V UGI J L 1 U 


I Jnitpd Kinndorn 

ui ii uuu i\i i ly u ui 1 1 


Rnlnnna 

UUIUUI Id 


Italy 


Osaka 


Japan 


Rrishanp 

Ul 1 JL/GI 1 IU 


Australia 


Oslo 


Norwav 

i m \j i vvci y 


Rrusspls 


Rplniurn 

l^u iuj i ui 1 1 1 


Ottawa 

U LLOI VVGI 


Canada 

uci 1 1 ci m ci 


Calnarv 


Canada 

UCI 1 IQUQ 


Paris 


Franrp 

1 1 CI 1 1 uu 


rhirann 

Ul 1 1 LUUU 


I Jnitpd Statps 


Perth 


Australia 

/ \UJ Ul CI 1 Id 


Conpnhanpn 

UUUUI II IQLjUl 1 


Dpnmark 

L/UI 1 1 1 1 CA 1 l\ 


Phopnix 

1 1 lUvl 1 IA 


I Jnitpd Statps 

\J \ l 1 LwL4 *J LCI Lt- J 


Denver 


United States 


Prague 


Czech Republic 


Diisspldorf 


Gprmanv 

U U 1 1 1 ICA 1 IV 


Rome 


Italy 


Frankfurt 

1 1 CA 1 1 l\l U 1 u 


Gprmanv 

UU 1 111 Ol 1 IV 


Ruhr frpnion^ 

l\UIII HuyiUlM 


Gprmanv 

uci ill oi 1 1 y 


CiPnPVa 

U U 1 IU VOI 


Swit7Prland 

*J V V 1 L£_U 1 1 CI 1 IU 


San Dipno 

— ' C-l 1 1 \~J 1 UU U 


I Jnitpd Statps 

U 1 1 1 UuU -JLGIL\_0 


Glasnow 

U ICIJUjU VV 


I Jnitpd Kinndorn 

u 1 1 1 luu i\.i i ly uui 1 1 


San Franrisro 

*JCA 1 1 1 IGMIUIJUU 


I Jnitpd Statps 

U 1 1 1 IvU -JLC4LU.J 


Graz 


Austria 


Sapporo 


Japan 


Hamhurn 

i i ca 1 1 1 u u i y 


Gprmanv 

U U 1 111 Ol 1 IV 


Seoul 


Rpnuhlir of Korpa 

1 \U VJ U U 1 1 U Ul IXUIuCl 


Hplsinki 

1 1 U \D\ 1 I l\l 


Finland 

1 1 1 1 1 CA 1 1 Ul 


Storkholm 

JIULM IU 1 1 1 1 


S\A/Pdpn 


Houston 

1 1 UUJlUI 1 


I Jnitpd Statps 

Ul II l^U -J \*Ca LUJ 


Stuttaart 

JLU LLL-j C4 1 L 


Gprmanv 

UUI 111 Ol 1 IV 


Lille 


France 


Sydney 


Australia 


London 


United Kingdom 


Tokyo 


Japan 


Los Angeles 


United States 


Toronto 


Canada 


Lyon 


France 


Vancouver 


Canada 


Madrid 


Spain 


Vienna 


Austria 


Manchester 


United Kingdom 


Washington 


United States 


Marseille 


France 


Wellington 


New Zealand 


Melbourne 


Australia 


Zurich 


Switzerland 
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To normalise estimates based upon this sampling of urban areas we used data 
on total population for each region, total urban population for each region and 
the percentage of total urban population represented by our Millennium 
Database sample. These data are shown in Table A-6 with the calculated 
percentages used for normalisation to represent the entire region. These data 
were used for those policies expected to be applied just in urbanised areas. 
Note that total European Union population was used (omitting Switzerland 
and Norway). 



Table A-6 



Population normalisation factors applied to sample Millennium cities 





Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Region population total (millions) 


174.9 


388.6 


319.8 


23.4 


Population in urban areas (millions) 


139.3 


308.0 


246.9 


19.8 


Urban population, percentage 


79.6% 


79.3% 


77.2% 


84.9% 


Population for cities in Millennium 
Database (millions) 


71.5 


70.6 


68.8 


10 


Total urban population, percentage 


51.3% 


22.9% 


27.9% 


50.3% 
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Table A-7 



Data on Millennium cities' public transit use, 1997 




Units 


Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Number of cities in database 




4 


37 


14 


5 


Population in metropolitan area 
of covered cities 


million persons 


71.5 


77.7 


68.8 


10.0 


Daily public transit trips per capita 


trips/person 


0.76 


0.59 


0.16 


0.19 


Daily private transport trips per capita 


trips/person 


1.1 


1.4 


3.0 


3.1 


Overall average trip distance 


km 


10.1 


7.9 


11.9 


8.7 


Overall average trip distance by car 


km 


12.2 


12.4 


13.2 


9.9 


Overall average trip distance 
by public transit 


km 


14.2 


7.8 


10.5 


12.9 


Annual car travel - vehicle km 
per capita 


thousand 
kilometres 


2.9 


4.5 


10.7 


7.4 


Annual rar travpl - nasspnnpr-krn 
per capita 


thousand 
kilometres 


4.4 


6.1 


15.0 


11.4 


Annual public transit boardings 
per capita 


boardings 


413 


330 


87 


84 


Bus boardings per capita 


boardings 


702 


747 


57 


40 


Minihus honrdinns npr rnnitn 


honrdinns 




7.2 


0.3 




Tram boardings per capita 


boardings 


5 


772 


9 


36 


Light-rail boardings per capita 


boardings 


4 


27 


II 




Metro boardings per capita 


boardings 


107 


108 


37 


- 


Suburban rail boardings per capita 


boardings 


201 


37 


3 


35 


Heavy-rail boardings per capita 


boardings 


308 


146 


43 




Annual public transit passenger-km 
per capita 


passenger- 
kilometres 


4 046 


1 668 


634 


918 


Bus passenger km per capita 


passenger- 
kilometres 


685 


633 


335 


293 


Minibus passenger km per capita 


passenger- 
kilometres 


- 


2 


6 


- 


Tram passenger km per capita 


passenger- 
kilometres 


13 


255 


48 


194 


Light-rail passenger km per capita 


passenger- 
kilometres 


24 


123 


83 


- 


Metro passenger km per capita 


passenger- 
kilometres 


644 


562 


308 




Suburban rail passenger km per capita 


passenger- 
kilometres 


2 703 


512 


119 


578 


Heavy-rail passenger km per capita 


passenger- 
kilometres 


3 347 


7 077 


453 




Public transit average seat occupancy 
(load factor) 


persons/seat 


0.93 


0.47 


0.33 


0.27 


Bus seat occupancy 


persons/seat 


0.63 


0.47 


0.30 


0.28 
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Table A-7 (continued) 



Data on Millennium cities' public transit use, 1997 





Units 


Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Minibus seat occupancy 


persons/seat 




0.22 


0.61 




Tram seat occupancy 


persons/seat 


0.87 


0.57 


0.70 


0.54 


Light-rail seat occupancy 


persons/ seat 


Ale 

U./D 


U.D4 






Metro seat occupancy 


persons/ seat 


i in 

I.IU 


U./D 


n /in 
U.4U 




Suburban rail seat occupancy 


persons/ seat 


u.yz 


n 11 
U.oz 


U.DD 


n ii 
u.z/ 


Heavy-rail seat occupancy 


persons/seat 


1.02 


0.46 


0.40 




Public transit operating 
cost per vehicle-km 


USD/vkt 


4.36 


5.02 


4.21 


3.20 


Public transit operating 
cost per passenger-km 


USD/passenger- 
km 


U. 1 1 


u.z/ 


n iq 
u.zy 


n iq 
u. iy 


Private passenger transport 
energy use per capita 


MJ/ person 


10 690 


15 335 


50 862 


29 610 


Public transit energy use per capita 


MJ/person 


1 187 


1 136 


889 


795 


Total transport energy use per capita 


MJ/person 


11 876 


16 371 


51 751 


30 405 


Energy use per private passenger 
vehicle-km 


MJ/km 


3.2 


3.3 


4.7 


3.9 


Energy use per public transit 
vehicle-km 


MJ/km 


13.5 


14.5 


24.9 


14.9 


Energy use per bus vehicle-km 


MJ/km 


16.2 


16.2 


27.2 


77.0 


Energy use per minibus vehicle-km 


MJ/km 




8.8 


8.4 




Energy use per tram wagon-km 


MJ/km 


10.3 


13.3 


15.6 


70.7 


Energy use per light rail wagon-km 


MJ/km 


9.5 


19.5 


16.8 




Energy use per metro wagon-km 


MJ/km 


11.2 


77.5 


20.4 




Energy use per suburban 
rail wagon-km 


MJ/km 


77.0 


14.8 


49.5 


12.1 


Energy use per heavy rail wagon-km 


MJ/km 


77.7 


12.9 


25.0 




Energy use per private passenger-km 


MJ/pkm 


2.2 


2.5 


3.4 


2.6 


Energy use per public transit 
passenger-km 


MJ/pkm 


0.4 


0.8 


1.8 


0.9 


Energy use per bus passenger-km 


MJ/pkm 


0.9 


7.7 


2.4 


7.7 


Energy use per minibus passenger-km 


MJ/pkm 




2.5 


1.3 




Energy use per tram passenger-km 


MJ/pkm 


0.5 


0.7 


0.7 


0.4 


Energy use per light-rail passenger-km 


MJ/pkm 


0.3 


0.8 


0.6 




Energy use per metro passenger-km 


MJ/pkm 


0.2 


0.5 


1.3 




Energy use per suburban rail 
passenger-km 


MJ/pkm 


0.3 


0.9 


1.4 


0.5 


Energy use per heavy-rail passenger-km 


MJ/pkm 


0.2 


0.5 


0.9 




Overall energy use per passenger-km 


MJ/pkm 


1.4 


2.1 


3.3 


2.4 



142 



Appendix: Data sources and calculations for estimates in this report 



Table A-8 



Population normalisation factors applied to sample Millennium cities 




Units 


Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Number of cities in database 




4 


37 


14 


5 


Population in database, 
metropolitan areas 


persons 


71 504 732 


77 689 088 


68 849 627 


9 979 051 


Daily public transit trips per capita 


trips/person 


0.76 


0.59 


0.16 


0.19 


Daily bus trips per capita 


trips/person 


0.20 


0.39 


0.11 


0.13 


Daily rail trips per capita 


trips/person 


0.56 


0.20 


0.06 


0.06 


Uaiiy private uaribpori uipb 
per capita 


trips/person 


1.08 


1.43 


3.04 


3.06 


Daily public transit trips 
in database 


trips 


54 164 834 


45 663 920 


11 337 239 


1 935 936 


Daily private transport trips 
in database 


trips 


77 225 111 


110 922 753 


209 073 367 


30 515 938 


Daily bus and tram trips 
in database 


trips 


14 374 629 


30 315 808 


7 393 753 


1 325 797 


Daily metro and suburban 
rail trips in database 


trips 


39 790 205 


15 348 111 


3 943 485 


610 139 


Bus and tram mode share 


Percentage 


26.5% 


66.4% 


65.2% 


68.5% 


Region population total 


persons 


174 927 000 


388 604 000 


319 798 000 


23 373 000 


Population in urban areas 


persons 


139 311 535 


308 028 328 


246 852 788 


19 839 138 


Percentage urban 


percentage 


79.6% 


79.3% 


77.2% 


84.9% 


Metro pop. for cities 
in Millennium Database 


persons 


71 504 732 


77 689 088 


68 849 627 


9 979 051 


Percent of total urban population 


percentage 


51.3% 


25.2% 


27.9% 


50.3% 


Estimated public transit trips 
in region 


daily trips 


mc; Kll 7£3 
IUD Dzz /Do 


1 o 1 Udz zUo 


/in £/IQ Q3/I 
HU 04y ODH 


Q/IQ 77Q 

o oho //y 


Estimated private transport trips 
in region 


daily trips 


150 448 296 


439 796 002 


749 635 595 


60 667 869 


Estimated peak public transit trips 
in region 


daily trips 


58 037 520 


99 578 713 


22 357 408 


2 116 829 


Estimated off-peak public 
transit trips in region 


daily trips 


47 485 244 


81 473 493 


18 292 425 


1 731 951 


Estimated bus trips in region 


daily trips 


28 004 343 


120 198 704 


26 510 409 


2 635 778 


Estimated peak bus trips in region 


daily trips 


15 402 389 


66 109 287 


14 580 725 


1 449 678 


Estimated off-peak bus trips 
in region 


daily trips 


12 601 954 


54 089 417 


11 929 684 


1 186 100 


Bus reserved route length 


kilometres 


49.2 


319.0 


215.5 


14.6 
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Vehicle occupancy estimates 



Estimates of average vehicle occupancy were calculated using the Millennium 
Database, which contains data on VKT and passenger-kilometres of travel 
(PKT) for each city. These were grouped by region and aggregate totals 
calculated. These represent urban vehicle occupancy levels and therefore may 
not be representative of rural areas. However, most of our policies for 
increasing vehicle occupancy would likely have their greatest impact in urban 
areas. Therefore, we use these numbers as shown in Table A-9. We also use our 
own judgment on vehicle occupancy for commuter trips, for which there were 
no reliable data at the level we sought. These are also shown in Table A-9 and 
would only apply to policies that influence commuter trips. 



Table A-9 



Estimates of average vehicle occupancy rates 





Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Average urban vehicle occupancy 


1.50 


1.37 


1.40 


1.53 


Average commute vehicle occupancy 


1.25 


1.15 


1.10 


1.10 



Transit ridership analysis estimates 



Based on the literature review conducted for the study, effectiveness factors 
and elasticities were selected for variants of each of the three transit measures 
discussed in Chapter 2 (fare reductions, service enhancements and lane 
prioritisation). Table A-10 shows how the effectiveness factors were applied 
and the resulting impacts on private vehicle trip reduction and daily fuel use, 
for each of the six measures. Table A-ll presents the summary results in terms 
of passenger car VKT reduced and litres of petroleum saved. Table 2-11 in the 
main text shows this for barrels per day saved and percentage reductions in 
fuel use. 
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Table A-10 

Effectiveness of public transit measures: 
trips diverted from private vehicles 



Million trips per day 



IVICdMJlC 


unpad 


Japan/ 
RK 


IEA US/ 
Europe Canada 


AnctTsilia / 
MUsuclllcy 

NZ 




Increase in transit ridership (apply 
own price elasticity) (-0.4 Europe 
and Asia; -0.3 North America 


21.1 


36.2 


6.1 


0.6 


Reduce public 
transit fares 


and Oceania) 










Reduction in trips in private vehicles* 










by 50% 


• Apply 60% diversion factor to estimate 
private vehicle trips reduced 


12.6 


21.8 


3.6 


0.3 




• Apply cross-price elasticity (-0.10) 


7.5 


22.0 


37.5 


3.0 




to private transport trips 












Apply own-price elasticity (-0.4 
Europe and Asia; -0.3 North America 


42.2 


72.4 


12.2 


1.2 




and Oceania) to public transit trips 










Reduce public transit 
fares by 100% 


Reduction in trips in private vehicles* 










• Apply 60% diversion factor 
to estimate private vehicle trips 
reduced 


25.2 


43.5 


7.4 


0.8 




• Apply cross-price elasticity (-0.10) 


15.0 


44.0 


75.0 


6.1 




to private transport trips 










Increase weekend 


Apply own-time out-of-vehicle 


11.6 


19.9 


4.5 


0.4 


and off-peak service 
frequency by 


elasticity (0.50) to off-peak public 
transit trips 










40% 


Apply 60% diversion factor to 


6.9 


12.0 


2.7 


0.3 


(to peak levels) 


estimate private vehicle trips reduced 










,, . Apply own-time out-of-vehicle 
Increase off-peak service ^ ( } k and Qff k 

as above plus increase ... : ■ ' ■ r 
. i £ public transit trips 


14.5 


24.9 


5.6 


0.5 


by 10% 


Apply 60% diversion factor to 


O ~7 


14.9 


3.3 


UJ 


estimate private vehicle trips reduced 










Convert all HOVand 
bus lanes to 24-hour 


Apply own-time in-vehicle elasticity 
(0.4) to a 10% average time-saving 
on off-peak public transit trips 


0.5 


2.1 


0.5 


0.05 


bus priority usage. 


Apply 60% diversion factor to 
estimate private vehicle trips reduced 


0.3 


1.4 


0.3 


0.03 


Convert all HOVand 
bus lanes to 24-hour 
bus priority usage. 


Apply own-time in-vehicle elasticity 
(0.4) to a 15% average time-saving 
on off-peak public transit trips and 
5% for peak trips 


1.1 


4.6 


1 


0.01 


Apply 60% diversion factor to 
estimate private vehicle trips reduced 


0.6 


2.7 


0.6 


0.06 



*Note: for reduction in trips in private vehicles, results of two methods are shown in two rows; only the lower 
estimate is used in subsequent calculations such as the following table. 
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Table A- 11 



Effectiveness of public transit measures: summary results 







Japan/ 
RK 


ICA 
ILA 

Europe 


Canada 


Australia/ 
NZ 


Assumptions used for all 


measures: 










• Average private vehicle trip 
distance (VKT) 


12.20 


12.36 


13.20 


9.90 


• Average in-use LDV fuel 


11.13 


10.17 


13.91 


13.34 


consumption (L/lOOki 


TI) 










Measure 


Impact 












Private vehicle trips 










Reduce public transit 
fares by 50% 


reduced (millions) 


7.5 


21.8 


3.6 


0.3 


Private VKT reduced 
(millions) 


91.5 


268.8 


47.5 


3.0 




Million litres saved 


10.2 


27.3 


6.6 


0.4 




Private vehicle trips 










Reduce public transit 
fares by 100% 


reduced (millions) 


15 


43.5 


7.4 


0.8 


Private VKT reduced 
(millions) 


183.0 


537.7 


97.0 


7.4 




Million litres saved 


20.4 


54.7 


13.5 


1.0 


Increase weekend 


Private vehicle trips 










and off-peak service 


reduced (millions) 


6.9 


12.0 


2.7 


0.3 


frequency by 40% 
(to peak 
levels) 


Private VKT reduced 
(millions) 


84.2 


148.3 


35.6 


3.0 


Million litres saved 


9.4 


15.1 


5.0 


0.4 


Increase off-peak 
service as above plus 
increase peak service 
frequency by 10% 


Private vehicle trips 
reduced (millions) 


8.7 


14.9 


3.3 


0.3 


Private VKT reduced 










(millions) 


106.1 


183.5 


43.6 


3.0 


Million litres saved 


11.8 


18.7 


6.1 


0.4 




Private vehicle trips 


0.3 


1.4 


0.3 


0.03 


Convert all HOVand 


reduced (millions) 










bus lanes to 24-hour 


Private VKT reduced 










bus priority usage 


(millions) 


3.7 


16.7 


4.0 


0.30 




Million litres saved 


0.4 


1.7 


0.6 


0.04 




Private vehicle trips 


0.6 


2.7 


0.6 


0.06 


Convert all HOVand 


reduced (millions) 










bus lanes to 24-hour 


Private VKT reduced 










bus priority usage 


(millions) 


7.3 


33.4 


7.9 


0.59 




Million litres saved 


0.8 


3.4 


1.1 


0.08 



VKT: vehicle-kilometres travelled. 
LDV : light-duty vehicle. 
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Car-pooling estimates 



Table A-12 displays the coefficients used by McDonald and Noland (2001) 
which were collected from a variety of sources. These are derived from regional 
travel demand models estimated with multinomial logit choice models and 
provide some feel for the range of estimates that have been found in practice. 
Noland and McDonald also model trip time rescheduling in response to 
changes in congestion levels. This level of detail may not be needed when 
trying to model effects during a fuel shortage. The key coefficient values to 
consider are the travel time coefficient parameters which give an indication of 
how sensitive mode switching may be and any mode-specific parameters 
associated with HOV usage. The basic format of these models follows a 
random utility formulation implemented as a multinomial or nested logit 
model. 



Table A-12 



Nested logit model coefficients from McDonald and Noland (2001) 


Model type 


Variable 


Value 


Mode choice 


Logsum for single-occupant vehicle (SOV) 


0.684 




Logsum for high-occupancy vehicle (HOV) 


0.224 




HOV delay coefficient 


-2.04 




HOV constant 


-2.0 


Lane choice 


Logsum for express lanes 


0.1 




Logsum for mixed flow lanes 


0.65 




Toll coefficient 


- 0.532 




Lane constant 


- 1.0 


Time of day 


Travel time coefficient 


-0.106 SOV 
- 0.045 HOV 




Coefficient for schedule delay-early (SDE) 


- 0.065 SOV 

- 0.054 HOV 




Coefficient for schedule delay-late (SDL) 


- 0.254 SOV 

- 0.362 HOV 




Coefficient for dummy variable for late arrival (DL) 


- 0.58 SOV 



- 1.14 HOV 
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This can be estimated as the probability of choosing j conditional on the 
choice set i. 

e (Ui + pLS) 

P(j\i)=— 

k 

Where Ui represents the utility of each choice as a function of the parameter 
estimates. LS represents any log-sum coefficients if this is a nested logit form 
of the model. These methods are normally used in detailed travel demand 
models. 



Table A-13 



Car-pooling - impacts of adding one person to every car trip 




Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Total 


(Initial) average vehicle occupancy 


1.50 


1.37 


1.40 


1.53 




Daily urban VKT (millions) 
from Millennium sample of cities 


529 


830 


1,964 


203 


3 526 


Daily PKT (millions) 


792 


1,137 


2,756 


310 


2 238 


Daily VKT when adding one person 
to every car trip (millions) 


318 


479 


1,148 


123 


2 068 


VKT saved per day (millions) 


211 


350 


817 


80 


1 458 


Percentage VKT reduction 


39.9% 


42.2% 


41.6% 


39.4% 


41.3% 


Litres saved per day (millions) 


24 


36 


114 


11 


185 


Barrels saved per day (thousands) 


148 


224 


715 


67 


1 154 


Barrels saved per day, prorated for all 
urban areas (thousands) 


289 


977 


2,560 


134 


3 960 


Barrels saved per day, prorated 
for entire region (thousands) 


363 


1 233 


3 320 


158 


5 073 


Percentage saved urban areas 


13.8% 


17.3% 


21.7% 


25.4% 


19.7% 


Percentage of fuel used for transport 
saved, entire region 


17.3% 


21.9% 


28.1% 


30.0% 


25.3% 


Percentage of total fuel consumption 
saved, entire region 


9.6% 


13.9% 


21.5% 


21.3% 


17.6% 
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Table A-14 



Car-pooling - impacts of adding one person to every car trip 
on urban area motorways 




Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Total 


(Initial) average vehicle occupancy 


1.50 


1.37 


1.40 


1.53 




Percentage of total VKT on motorways 


9.2% 


22.5% 


24.1% 


24.1% 




Daily VKT on urban area motorways 
(millions) 


49 


186 


474 


49 


759 


Daily PKTon motorways (millions) 


71 


255 


666 


74 


1 066 


Daily motorway VKT when adding 
one person for trips on motorways 
(millions) 


30 


107 


277 


30 


337 


VKT saved per day (millions) 


19 


79 


197 


19 


314 


Litres saved per day (millions) 


2.2 


8.0 


27.4 


2.6 


32 


Barrels saved per day (thousands) 


14 


50 


172 


16 


252 


Barrels saved per day, prorated for all 
urban areas (thousands) 


26 


220 


618 


32 


897 


Barrels saved per day, prorated for entire 
region (thousands) 


33 


277 


800 


38 


1 149 


Percentage saved urban areas 


1.3% 


3.9% 


5.2% 


6.1% 


4.5% 


Percentage of fuel used for transport 
saved, entire region 


1.6% 


4.9% 


6.8% 


7.2% 


5.7% 


Percentage of total fuel consumption 
saved, entire region 


0.9% 


3.1% 


5.2% 


5.1% 


4.0% 
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Table A- 15 



Car-pooling - impacts of adding one person to every commute trip 




Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 
NZ 


Total 


Hniti^n 3\/pr3np x/phirlp nrrun^nrv 
^iiiiudij dvciciyc vcinuc ul.l.u [Ja i i^-y, 

commute trips 


1.3 


1.2 


1.1 


1.1 




D^iK/ \/I^T nn rnrnrtii itp trirK fmillmnO 


804 


1 025 


3 846 


162 




Daily PKT on commute trips (millions) 


1 006 


1 179 


4 230 


178 


6 593 


Daily VKT when adding one person 
for all commute trips (millions) 


447 


548 


2 014 


85 


3 094 


VKT saved per day (millions) 


358 


477 


1 831 


77 


2 743 


Litres saved per day, entire region 
(millions) 


40 


48 


255 


10 


353 


Barrels saved per day, entire region 
(thousands) 


250 


305 


1 603 


65 


2 223 


Percentage of fuel used for transport 
saved, entire region 


11.9% 


5.4% 


13.6% 


12.3% 


11.1% 


Percentage of total fuel consumption 
saved, entire region 


6.7% 


3.4% 


10.4% 


8.7% 


7.7% 
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Table A- 16 



Car-pooling - impacts of a 10% reduction in motorway VKT 
due to increased car-pooling 




Japan/ 
RK 


IEA 
Europe 


US/ 
Canada 


Australia/ 


Total 


Daily VKT on motorways (billions) 


49 


186 


474 


49 


759 


Daily motorway VKT with 10% reduction 
(billions) 


44 


167 


427 


44 


682 


VKT saved per day (millions) 


5 


19 


47 


5 


74 


Litres saved per day (thousands) 


539 


1 897 


6 587 


654 


9 677 


Barrels saved per day (thousands) 


3 


12 


41 


4 


60 


Barrels saved per day, prorated for all urban 7 
areas (thousands) 


52 


149 


8 


215 


Barrels saved per day, prorated for entire 
region (thousands) 


8 


66 


192 


10 


276 


Percentage saved, urban areas 


0.3% 


0.9% 


1.3% 


1.6% 


1.1% 


Percentage of fuel used for transport 
saved, entire region 


0.4% 


1.2% 


1.6% 


1.8% 


1.4% 


Percentage of total fuel consumption 
saved, entire region 


0.2% 


0.7% 


1.3% 


1.3% 


1.0% 
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Appendix: Data sources and calculations for estimates in this report 



Table A-19 



Reductions in fuel consumption from tyre inflation campaign 

(million litres) 





Light-duty 


Bus 


Light 


Heavy 


Total 




passenger 


Europe 


goods 


goods 






vehicle 




vehicle 


vehicle 




Australia 


273 


7 


57 


71 


408 


Austria 


107 


2 


62 


6 


177 


Belgium 


146 


3 


27 


16 


192 


Canada 


571 


7 


103 


52 


733 


Czech Republic 


61 


3 


21 


7 


92 


Denmark 


71 


3 


30 


2 


106 


Finland 


77 


2 


17 


5 


101 


France 


736 


12 


540 


44 


1 332 


Germany 


971 


14 


342 


37 


1 364 


Greece 


120 


4 


59 


5 


188 


Hungary 


51 


3 


27 


7 


88 


Ireland 


57 


2 


23 


3 


85 


Italy 


666 


12 


162 


80 


920 


Japan 


1 000 


26 


855 


78 


1 959 


Rep. of Korea 


309 


7 


272 


91 


679 


Luxembourg 


9 





2 


1 


11 


Netherlands 


192 


2 


84 


7 


285 


New Zealand 


64 


2 


21 


6 


93 


Norway 


52 


1 


13 


5 


72 


Portugal 


64 


2 


82 


12 


161 


Spain 


391 


9 


291 


56 


747 


Sweden 


105 


2 


40 


8 


155 


Switzerland 


96 


1 


21 


8 


126 


Turkey 


65 


11 


42 


11 


129 


United Kingdom 


726 


20 


309 


12 


1 067 


United States 


8 518 


43 


1 432 


524 


10 517 


Japan/RK 


1 309 


32 


1 127 


169 


2 638 


IEA Europe 


4 699 


97 


2 151 


321 


7 268 


US/Canada 


9 089 


49 


1 535 


576 


11 249 


Australia/NZ 


338 


9 


78 


77 


501 


Total IEA 


15 435 


188 


4 891 


1 143 


21 656 



156 



Abbreviations 



ABBREVIATIONS 

avg average 

bbls barrels 

Btu British thermal unit 

CAFE Corporate Average Fuel Economy Standards (for US cars and light 
trucks) 



CNC 


compressed natural gas 


LPC 


liquid petroleum gas 


co 2 


carbon dioxide 


HOV 


high-occupancy vehicle 


km 


kilometres 


lbs 


pounds 


kg kilograms 


kph 


kilometres per hour 


LDV 


light-duty vehicle 


MJ 


megajoules 


mph 


miles per hour 


NZ 


New Zealand 


PATP 


"pay at the pump" 


PAYD 


"pay as you drive" 


PKT 


passenger-kilometres travelled 


PMT 


passenger-miles travelled 


psi 


pound per square inch 


RK 


Republic of Korea 
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Abbreviations 



ROW rest of world 

SUV sport utility vehicle 

TDM travel demand management 

UITP International Union of Public Transport 

( h ttp://www. uitp. com/home/index, cfm ) 

UK United Kingdom 

US United States 

VKT vehicle-kilometres travelled 

VMT vehicle-miles travelled 
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